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Abstract 
Sweet corn (Zea mays L. var rugosa ) is the fourth most important fresh vegetable in 
the U.S .. Supersweet corn with shrunken-2 endosperm is more popular with consumers 
than traditional sweet corn with sugary endosperm because sh2 kernels have more sugars 
and retain this sweet flavor longer than su kernels. However, its acceptance by growers is 
hindered because of its inferior seed quality and poor seedling vigor, especially when 
temperature is low. 
Seed vigor of four isoline pairs ( C68, Oh43, 11442a and Ia453 ) with two endosperm 
types ( sh2 and su) was studied in this investigation. In a growth chamber, seeds were 
planted at 10, 15, 20 and 25°C. After two weeks, plants were harvested and the number of 
plants emerged, plant height, leaf number, fresh weight and dry weight were measured. 
Germination percentage and root length also were studied at four temperatures using 
envelope techniques. Ion and total sugar leakage from seeds imbibed in lOml distilled 
water for 24hrs at four temperatures were evaluated using electrical conductivity and 
spectrophotometry. 
All parameters measured in the seedling emergence and germination tests ( number 
of emerged plants, plant height, leaf number, fresh weight, dry weight, germination 
percentage and root length) decreased with decreasing temperatures. Low temperatures 
resulted in reduced germination, delayed emergence and delayed seedling growth of all 
sweet corn isoline pairs. Significant differences in response to temperature were found 
among isoline pairs. Ia453 is relatively tolerant and 11442a is relatively sensitive to low 
temperature of the four isolines based on the seedling emergence study. Traditional sweet 
corn ( su ) had higher emergence, higher germination and better seedling growth at all 
temperatures than supersweet corn ( sh2 ). Traditional sweet corn was more tolerant to 
low temperature than supersweet corn. 
Shrunken-2 seeds had higher ion leakage and total sugar leakage than sugary seeds. 
Negative correlations between seed leakage and seed vigor were found in this study. The 
cultivars that had more seed leakage had poorer seed vigor. Of all parameters measured 
(percentage leakage, ions per gram seed and sugars per gram seed ), percentage ion 
leakage is the best indicator of seed quality and seedling vigor. Temperature did not 
significantly affect the ion and sugar leakage, although ion leakage increased constantly 
with the increasing of temperature. 
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Chapter 1 
Introduction 
In the U.S., sweet corn is the fourth most important fresh vegetable ( Kaukis and 
Davis 1986), and one third of the sweet corn grown is used fresh. In recent years, the 
fresh market sweet corn industry in the United States has shifted from traditional hybrids 
with sugary (su) endosperm to hybrids which are homozygous for the sh2 endosperm 
mutation because sh2 kernels have two to three times more sucrose 20 days after 
pollination than su kernels (Creech 1965 ), and retain high sugar levels longer after 
harvest. 
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However, supersweet corn (sh2) has not been popular with growers because of its 
inferior seed quality, reduced emergence, poor vigor of seedlings and poor uniformity of 
stands, especially when temperature is low (Andrew 1982 ). Shrunken-2 seeds are more 
sensitive to low temperature than su seeds. The poor quality of sh2 seeds is due to several 
factors. First, supersweet corn seed contains less starch and phytoglycogen so that it can't 
provide enough carbohydrate reserves for optimal rates of emergence and growth of 
seedlings (Wann 1980 ). Second, high levels of sugars make osmotic potential more 
negative and lead to membrane and pericarp damage from the rapid influx of water during 
imbibition ( Simon 1978). Furthermore, the large decrease in starch content of sh2 seeds 
results in a severely collapsed endosperm, cracks in the pericarp, and air pockets between 
the pericarp and aleurone layers (Styer and Cantliffe 1983). The broken pericarp will 
increase the leaching of metabolites from seeds during initial stages of germination. 
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When seeds are immersed in water or planted in moist soil, many substances leak 
from the seeds. Twenty two amino acids leak from Phasedus seeds along with glucose, 
fructose, sucrose and maltose (Schroth et al. 1963 ). Other substances recorded include 
organic acid, gibberellic acid, fluorescent materials, phenolics and phosphates ( Pollock 
1962 ). Usually, the rate of leakage of each substance follows the same pattern, beginning 
rapidly and then slowing (Larson 1968 ). The solute leakage during imbibition reduces 
metabolic energy available for the growth and may provide substrate for the growth of 
pathogenic microorganisms. So, leakage may be a prelude to seed mortality, especially in 
low temperature (Simon 1974 ). Leaching of metabolites from seed during early stages of 
germination has been associated with poor seed quality in many crop species ( Flentje et 
al. 1964; Duke et al. 1986; Abdul-Baki et al. 1970 ). The membranes of dry seeds are 
dehydrated and leaky. The leakage may be due to tubular channels in membrane 
phospholipids which open under conditions of low water content. Upon imbibition, the 
normal membrane phospholipid structure is reformed, the membranes reorganize, and 
selective permeability is reestablished (Simon1974). Imbibition chilling injury has been 
ascribed mainly to low temperature alterations of the membrane reorganization process 
(Lynos 1973). When dry seeds imbibe at chilling temperatures, the phospholipids are 
unable to change rapidly from the hexagonal to the lamellar architecture because they are 
gelled in a rigid molecular shape ( Larson 1968 ). 
Temperature is one of the most important environmental factors that affects 
germination and seedling vigor. Sweet corn and many other warm season crops are 
injured during the germination process in chilling temperatures (5°C--15°C) (Cal and 
9 
Obendorf 1972 ) resulting in poor germination and emergence of seeds. 
In this investigation, the following objectives were studied: 
1. Compare the vigor of four isoline pairs of sweet corn (Zea mays) that have two 
endosperm types (su and sh2) by seedling emergence, germination and root length tests 
at l0°C, l5°C, 20°C and 25°C. 
2. Analyze the seed leachate for ions by electrical conductivity and for sugars by 
anthrone method at four temperatures. 
3. Determine if seed vigor is associated with ion or sugar leakage from imbibed 
seed. 
Chapter 2 
Literature Review 
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Corn ( Zea may L. ) apparently originated in Mexico and spread northward to Canada 
and southward to Argentina. The oldest archaeological corn ( 7000 years ago ) was found 
in Mexico's Valley of Tehuacan. Teosinte ( Z. mexicana) is believed by some to be the 
wild progenitor of corn, while some others believe a wild pod corn, now extinct, was an 
ancestor of domesticated corn (Brown et al. 1984 ). Following Columbus' discovery of 
America, corn was transported quickly to Europe, Africa and Asia. 
World corn production has increased since 1930, with a dramatic increase occurring 
in the last 45 years. Today, it is the third most widely grown grain crop in the world. In 
the United States, corn production is more than double that of any other crop. The U.S. 
Corn Belt produces 40% of the world's total, with other areas being China ( 14%) and 
the Balkan area ( 8%) (Watson and Ramstad 1987 ). Corn is utilized in various ways; it 
is popped, made into flour, mealed, fed to animals, used as a source of sugar and oil, 
fermented, and eaten as a vegetable. It is traditional to classify the corn races according to 
their uses and kernel morphology: flint corn ( indurata ), dent corn ( indentata ), floury 
corn ( amylaceous ), pod corn ( tunicata ), pop corn ( everta ), waxy corn ( ceratina ) and 
sweet corn ( saccharata ) ( Hernz 1989 ). 
Sweet corn is one of the more popular vegetables grown in the United States ( Boyer 
and Shannon 1983 ). It currently ranks second in farm value for processing and fourth for 
fresh market among vegetable crops. It is generally thought that sweet corn originated 
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from a mutation in the Peruvian race, Chullpi ( Galinat 1971; Mangelsdorf 1974 ). The 
first named sweet com cultivar, "Darlings Early", appeared in 1844 ( Galinat 1971 ). In 
the late 1920s and 1930s, W.R. Singleton and D. F. Jones developed the first early fresh 
market hybrid sweet com variety( Watson and Ramstad 1987 ). 
Sweet com differs from field com by a mutation at the sugary ( Su ) locus on 
chromosome 4; sweet com has the gene su at this locus. The sweet com kernels contain 
high amounts of sucrose rather than starch. The kernels of the traditional sweet com ( su ) 
accumulate more sugar than the kernels of the starchy normal ( Su ) maize. Most sugar in 
the traditional sweet com is sucrose, with lesser amounts of maltose, glucose and fructose 
( Cobb and Hannah 1981 ). While normal starchy com ( Su ) stores carbohydrate 
predominantly in the form of starch, sugary ( su ) com accumulates high levels of 
phytoglycogen, a water soluble polysaccharide ( Ferguson et al. 1978). There are two 
hypotheses concerning the origin of phytoglycogen. The first hypothesis suggests that 
traditional sweet com kernels lack sufficient starch debranching enzyme (Erlanger 1957). 
The second hypothesis suggests that the su mutation affects a starch branching enzyme, 
which result in the more highly branched phytoglycogen ( Boyer and Preiss 1978 ). The 
accumulation of phytoglycogen gives a creamy taste to traditional sweet com. However, 
the rapid conversion of sugars to phytoglycogen after harvest and thus loss of sweetness 
is a major problem affecting quality. Consequently, there has been a dramatic shift away 
from traditional sweet com to supersweet com with the shrunken ( sh2 ) mutation. 
Shrunken-2 accumulates sugars at the expense of starch and phytoglycogen. The sh2 
gene, like the su , affects the composition of endosperm carbohydrates. Tsai and Nelson 
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(1966) reported that the sh2 gene, located in the long arm of chromosome 3, affects the 
activity of ADP-glucose pyrophosphorylase in the endosperm. This enzyme plays a key 
role in starch biosynthesis, catalyzing the reaction: ATP + glucose-1-phosphate to form 
ADP-glucose+ ppi (Preiss 1978 ).The phenotypic effect of the homozygous sh2 is a 
shrunken kernel, from which it gets its name. The kernels of sh2 sweet corn have two or 
three times more sucrose than su kernels at harvest maturity ( Creech 1965 ) and can 
retain sweet flavor at high levels for longer postharvest periods (Garwood et al 1976 ). 
There is also a third gene, called the sugary enhancer ( se ) gene, involved in the 
improvement of sweet corn. This se gene has the advantage of increasing sugar while 
maintaining many of the desirable characteristics of the traditional su sweet corn. 
Higher sugar content and longer postharvest sugar retention have made supersweet 
corn (sh2) popular with consumers. However, their acceptance has been limited because 
of problems encountered during seed crop production. The most prevalent problem 
associated with sh2 sweet com is poor seed quality and seedling vigor, which is reflected 
by low, slow and variable germination and poor stand establishment, especially under 
stress conditions ( Styer et al. 1980 ). 
Differences in seed vigor between traditional and supersweet genotype were 
measured by germination percentage and radicle length (Wann 1986 ). Traditional sweet 
corn had a significantly higher vigor than supersweet com. Differences in seed vigor were 
also observed between different supersweet com cultivars when planted in cold and warm 
soils ( Tsengwa 1991). Poor seed vigor has been associated with genetic differences and 
other factors of sh2 hybrids compared with su hybrids (Callan et al. 1990; Styer and 
13 
Cantliffe 1984a ). Fungal pathogens, environmental factors, leakage of electrolytes, 
carbohydrate metabolism and morphology of kernels are factors affecting performance of 
sweet corn seedlings. 
The gene sh2 is expressed only in the endosperm. Supersweet ( sh2 ) endosperm 
typically deposits only 25% of the starch of normal endosperm, resulting in a kernel that 
is smaller, less uniform, lighter, and easier to damage than seed of traditional sweet corn. 
The seed of sh2 has a lower endosperm to embryo dry weight ratio than su or normal 
genotypes (Wann 1980 ). The large decrease in starch content of sh2 seeds results in a 
severely collapsed endosperm, cracks in pericarp and air pockets between the pericarp 
and aleurone layers ( Styer and Cantliffe 1984a ). The broken pericarp will expedite the 
leakage of electrolytes and carbohydrates which is associated with reduced seed vigor 
during initial stages of germination. 
Wann ( 1980 ) obtained significant differences in seedling growth between sh2, su 
and normal genotypes in a standard germination test but not when excised embryos were 
grown on a nutrient medium. He concluded that the small endosperm of high sugar 
genotypes is primarily responsible for their poor seed and seedling vigor. Lower levels of 
starch and phytoglycogen in endosperm can not provide enough carbohydrate reserves for 
optimal rates of emergence and growth of seedlings. Styer and Cantliffe ( 1984a ) 
suggested that the cause of poor kernel performance might due to a dysfunction of 
carbohydrate utilization in the scutellum. But Harris and De Mason ( 1989 ) found no 
anatomical abnormalities in several cultivars of supersweet corn and attributed poor 
kernel vigor to a delay or reduction of aleurone-controlled mobilization of carbohydrates 
14 
needed for embryo growth. 
Poor sh2 sweet corn seed vigor has also been associated with high susceptibility to 
seed and soil borne pathogens (Berger and Wolf 1974; Cantliffe et al. 1975 ). Sugars and 
electrolytes leakage from sh2 seeds during imbibition encourage fungi growth leading to 
seed decay. Fungi isolated from supersweet corn seeds included Rhizopus spp., Fusarium 
spp., Penicillium spp., and Pythium spp., ( Pieczarka and Wolf 1978 ). Styer and Cantliffe 
( 1984b ) found sh2 sweet corn kernels heavily infected by Fusarium monilif orme early in 
development. The fugus was located in pericarp crevices and eventually moved into the 
endosperm. 
Chemical, physiological and microbiological seed treatment to improve sh2 seed 
vigor have been investigated extensively. Fungicide seed treatments significantly 
improved sweet corn seedling emergence (Callan et al. 1990 ). Parera and Cantliffe 
(1991) reported that sodium hypochlorite was an effective seed disinfestant. Presowing 
hydration ( Gerber and Caplan 1989), osmopriming ( Murray 1990 ), and solid matrix 
priming ( SMP ) ( Parera and Cantliffe 1990, 1994 ) have been used to improve sh2 seed 
germination. 
Seed vigor and field emergence of sweet corn seed have been correlated with the 
conductivity of seed leachates (Tracy and Juvik 1988; Waters and Blanchette 1983 ). 
This correlation has also been confirmed for pea ( Flentje and Saksena 1964 ) and cotton 
(Hayman 1969). Wann ( 1986) determined leaching of metabolites in high sugar 
genotypes by measuring electrical conductivity. Shrunken-2 sweet corn hybrids leak more 
solutes during imbibition than standard ( su ) sweet corn genotypes ( Schmidt and Tracy 
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1988; Wann 1986 ). The leachates from sweet corn consists primarily of carbohydrates 
(Caplan 1984). Proteins have also been reported in the leachate (Wann 1986 ). The 
leaching of carbohydrates not only depletes reserves for embryo, but leachates also serve 
as a carbon and energy source for pathogenic infection. The high electrolyte leakage from 
sh2 genotype may be due to pericarp cracking during seed maturation (Wann, 1986 ). 
The pericarp of sh2 kernels was easily broken during harvest, resulting in rapid water 
absorption and greater electrolyte leakage during imbibition (Styer and Cantliffe, 1983). 
When seeds are immersed in water or planted in moist soil a variety of substances 
leak out of them. Twenty two amino acids have been identified, including aspartic acid, 
asparagine and glutarnic acid. Carbohydrates are mostly glucose, sucrose, fructose and 
maltose ( Schroth et al. 1963 ). Other substances recorded include organic acids 
(Morahashi and Shimokoriynma 1972), gibberellic acid (Wheeler, 1965 ), phenolic 
compounds, phosphates, inorganic ions ( Pollock 1962 ). The leakage of each of these 
substances is more rapid in the first 12 to 24 hrs than later after the start of imbibition 
(Simon 1974). Seed leakage has been thought to be a passive process. No evidence exists 
that leakage is faster at 20°C than at 10°C as would be expected for active transport (Perry 
and Harrison 1970 ). 
It was demonstrated that leakage is not simply a rapid washing-away of some surface 
deposit on the embryo, but originates from within the cells of the tissues (Simon 1974 ). 
As the seed matures and drys out, the molecular architecture of the membrane is thought 
to change to a hexagonal configuration in the membrane which results in the formation of 
tubular channels. Upon imbibition, the normal membrane phospholipid structure is 
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reformed. During the change from the hexagonal to the normal configuration, the 
membrane structure will be disrupted allowing water soluble leachate to flow out. 
lmbibition chilling injury has been ascribed mainly to low temperature alterations of the 
membrane reorganization process ( Lynos 1973 ). When dry seeds imbibed at chilling 
temperature, the phospholipids are unable to change rapidly from the hexagonal to the 
lamellar architecture because they are gelled in a rigid molecular shape (Larson 1968 ). 
An alternative model is that the membrane is ruptured when water flows into imbibing 
tissue which cause "cell membrane damage". Such damage allows the free release of 
cytoplasmic solutes ( Larson 1968 ). 
Perry and Harrison ( 1970) observed no real differences in seed leakage at different 
temperatures. They found consistent differences in conductivity between seedlings that 
were categorized as being vigorous, weak, or dead. On the other hand, low temperature 
caused an increase in seed leachate. More carbohydrates and amino acids are exuded from 
cotton seeds at l2°C than 24°C (Hayman 1969 ). 
An important aspect of the biology of plants is the response of plants to their 
environmental conditions. Larson and Hanway ( 1977 ) indicated that one of the most 
important factors to com growth was temperature. The effect of temperature on plant 
growth has been extensively documented. Early work with com ( Lehenbaur 1914) 
established 30 to 32°C as the temperature optimum for growth of com under constant 
conditions. His investigations showed that temperature was related to growth in a 
curvilinear manner rather than a linear one. Shelldrake ( 1952 ) working with sweet com, 
beans, and beets, studied the effect of constant temperature on the rate of growth. He 
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measured growth by an increase in dry weight, and also obtained curvilinear growth 
curves, although they did not agree quantitatively in regard to minimum, optimum and 
maximum temperatures. Duncan and Hesketh ( 1968 ) found that the rates of most growth 
and development process in maize were strongly influenced by temperature between 10°c 
and 28°C. Data indicated that rates steadily increased over this temperature range. 
Dickson (1923) reported an optimum temperature range from 24°C to 28°C for young 
com seedling growth. 
Benoit et al. ( 1965 ) showed that the rate and magnitude of plant growth in response 
to temperature varied with soil moisture. At soil moisture levels near field capacity (30%-
-32 % by volume), corn growth rates increase with increasing daily temperatures from 18-
-260C. At lower soil moisture levels ( 20--22% by volume), corn growth rates increased 
with temperatures to about 21°C and gradually decreased with warmer temperatures. 
Watts ( 1972a, b ) showed that leaf expansion rates were maximum at 30°C for 
temperatures between 12 and 35°C. Warrington and Kanemasu ( 1983) reported that leaf 
initiation and appearance rate exhibited a linear response to constant temperature. Leaf 
appearance rate increased 2.5 and 3 times between 16 and 26°C. It was found that corn 
leaf area and dry matter production were maximized at a night temperature of 15°C when 
day temperature was kept at 25°C ( Grzesiak et al 1981 ), and shoot relative growth rate 
increased by 2.5 times between 21/10 and 32/21°C day/night conditions (Potter and Jones 
1977 ). 
Blacklow ( 1972 ) found that corn germination and radicle and shoot elongation were 
most rapid at 30°C, and with a sharp decrease in germination below 10°C ( Coffman 
1923). Cummins and Parks ( 1961) reported that corn did not germinate at 10°C. 
It was found that increasing soil temperature from 13.3 to 26.7°C reduced the time 
for 80% emergence for corn. A highly significant linear relationship existed between 
percent emergence and cumulative degree-days above 10°C ( Willis et al. 1957 ). 
Beauchamp and Lathwell ( 1967 ) reported that time to emergence for corn planted at a 
50mm depth increased from 3 to 4 days at 25°C to 16 days at 12.5°C. E.C. Schneider 
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( 1985 ) found that corn emergence was most rapid at the warmest soil temperature ( 20°C 
--30°C ). The negative effect of low soil temperatures on corn emergence was partially 
compensated by high soil matrix potential. 
H. W. Cutforth ( 1985 ) studied the root growth of corn under different temperatures 
and found that decreases in soil temperature decreased root growth rate. As temperature 
decreased, progressively longer times were needed to attain a given root length. 
Morphologically, roots were noticeably thinner as temperature increased. Roots grown at 
15°C were thicker, less branched with fewer root hairs than those grown at higher 
temperatures. Pahlavanian and Silk (1988) also found in the range of 10°C to 29°C, 
increases in temperature caused large increases in root growth, growth strain rate and 
biomass deposition rate in primary roots of maize. Roots grown at 29°C had greater fresh 
weight and dry weight than those grown at the lower temperatures. But, the length of the 
growth zone and total strain at any location were independent of temperature. 
Corn is an economically important crop, but due to its subtropical origin, chilling 
temperature is a major environmental constraint that limits its range of adaptation 
(Cutworth and Shaykewich 1990; Koscielniak 1993 ). Chilling stress on corn leads to 
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reduced germination-emergence and increased time required to germinate-emerge (Eagles 
and Brooking 1981; Hodges et al. 1994 ), loss of turgor (Wilson 1976; Koscielniak 1993; 
Hodges et al. 1995 ), delayed growth and reduced dry mass accumulation ( Stamp 1984 ). 
Corn and many other warm season crops are sensitive to germination temperature of 
5°C to 15°C. lmbibition of low-moisture ( 6%) com kernels at 5°C resulted in aborted 
radicles, proliferation of seminal roots and delayed seedling growth. With soybean 
(Glycine max L. Merr), chilling during the first 36 hours of germination resulted in 
reduced survival, plant height, and dry weight per seedling. Cotton (Gossypium hirsutum) 
seeds were sensitive to cold during the beginning of hydration and again during a later 
phase of germination. Injury caused by chilling during the initial phase of imbibition of 
cotton was expressed as an aborted radicle tip plus a proliferation of lateral roots. 
Barlow and Adam ( 1989 ) studied the anatomical disturbances in corn primary roots 
after a period of cold treatment. They found that the cold -treated portion contained 
aborted lateral root primordia and incompletely developed metaxylem elements. The 
regenerated portion of root often showed an abnormal vascular system. The abnormalities 
included the loss of xylem elements and were accompanied by a thinning of the root. 
Growth rates of com are much reduced even at moderately cool temperatures within 
a range of 12 to 15°C, especially when these conditions continue for a long period 
(Castleberry et al. 1978; Stamp 1984 ). Chilling stress within a range of 0°C to 6°C have 
been mostly judged by the occurrence of metabolic disturbances or visible injuries. A 
number of mechanisms have been proposed to accommodate the physiological and 
biochemical changes associated with chilling injury. At low temperatures, mitochondrial 
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enzymes operate at a slower rate than glycolytic enzymes. The reduced oxidation rate will 
cause a reduction in the rate of ATP formation. Membrane-bound enzyme systems, such 
as protein synthesis, can also become unbalanced at low temperatures. These changes 
result in the accumulation of metabolic by-products, some of which may be toxic or 
lethal. Another important hypothesis is that cellular membranes in sensitive plants 
undergo a physical-phase transition from a normal flexible liquid-crystalline to a solid gel 
structure at the temperature critical for chilling injury ( Lynos and Raison 1970 ). 
Sweet corn, especially the high sugar genotype, grows poorly in cold, wet soils. The 
minimum temperature for germination, emergence, and growth of sweet corn is 9 to 20°C 
(Blacklow 1972; Crevecoeur et al. 1983; Eagles and Hardacre. 1979 ). And, even if a 
sweet corn kernel survives imbibitional chilling for a couple of weeks, it may run out of 
food while immersed in cold soil. Haskell ( 1949 ) examined germination of five sweet 
corn inbreds and one double cross field corn hybrid under cold conditions ( 10 and 5°C ). 
He concluded that genetic factors may be more important for cold tolerance than 
endosperm type. He also examined germination of kernels from ears segregation for su 1 
in early spring field plantings. No difference in mean germination was observed between 
sul and Sul kernels. He concluded that sweet corn is not necessarily less cold tolerant 
than field corn. 
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Chapter 3 
Materials and Methods 
Plant Materials: 
Sweet corn (Zea mays L. var. rugosa ) seeds of four isoline pairs ( C68, Oh43, 
11442a and Ia453) supplied by Dr. John Juvik , University of Illinois, Champaign-Urbana, 
were used in this study. Each pair had two endosperm types: traditional ( su) and 
shrunken-2 ( sh2 ). 
Methods: 
1. Seedling emergence 
Twenty seeds of each isoline ( divided into four rows with five seeds per row ) were 
planted ( 2cm depth) in 27x19x6 cm plastic trays filled with greenhouse mix. Plants were 
grown in a growth chamber (model Cel 25-7 ) at four temperatures ( 11.5±0.4, 17 .2 ±1.6, 
21.0±0.5 and 26.2±1.3 °C )with relative humidity of 92.6±2.9%, 95.2±2.9%, 92.1±3.0% 
and 92.0±3.4%. A digital thermocouple thermometer ( Wescor, Inc., Logan, UT) was 
placed at tray level to measure temperature and relative humidity daily. Plants were 
grown with a combination of fluorescent and incandescent bulbs for 12 hours per day 
with light level of 185.5±30.5 umol m-2 s-1• Light was measured with a Li-Cor light meter 
(Model Li-185A) with a quantum sensor ( Li-Cor Inc. Lincoln, NE) at tray level at the 
beginning and the end of two weeks. Plants were harvested after 14 days. Number of 
plants emerged, leaf number, seedling height ( from soil surface to growing tip), fresh 
weight and dry weight of whole seedling were recorded. 
2. Germination and root length 
Four seeds of each isoline were imbibed in a seed envelope with a sheet of paper 
towel inside ( 16.5xl7.5 cm, Northrup King, Minneapolis) with four replications per 
isoline and per temperature. Envelopes were watered with 20ml distilled water when they 
began to dry. Seeds were kept in a growth chamber (model Cel 25-7) at four 
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temperatures of 11.5±0.4, 17.2 ±1.6, 21.0±0.5 and 26.2±1.3°C with relative humidity of 
92.6±2.9%, 95.2±2.9%, 92.1±3.0% and 92.0±3.4% for 14 days. Light level was 14.5±2.2 
umol m·2• Temperatures, relative humidity and light level were measured as previous 
mentioned. Envelopes were kept upright so that root grew downward. Germinated seeds 
were counted every day and root lengths were measured daily from the perforated edge of 
paper towel downward to the root tip. Values from each envelope were averaged to 
provided a value for a given replication. 
3. Ions in seed leachate 
Ten replications of two seeds from each isoline were weighed and imbibed in lOml 
distilled water for 24 hours at 11.5±0.4, 17 .2 ±1.6, 21.0±0.5 and 26.2±l .3°C. Before 
imbibition, the temperature of distilled water was equilibrated by setting in the growth 
chamber at the respective imbibitional temperature for 24 hrs. After imbibition, electrical 
conductivity of each replication was determined using a Beckman Altrex Conductivity 
Bridge RC-16C with a G-1 conductivity cell. Seeds and seed leachate then were ground 
using a Brinkman Polytron homogenizer PT3000 with a Brinkman 89/Polytron probe, 
12mm, PT-DA 3012/2. The resulting solutions were filtered through Miracloth filtration 
material ( Calbiochem Corp. La Jolla, CA ) and the electrical conductivity of ground seed 
filtrate was measured (Faver 1995; Kull 1992 ). Percent ion leakage and ion leakage per 
gram of seed were calculated. 
4. Total sugar in seed leachate 
For each isoline and temperature, four replications of four seeds each with 1 Oml 
distilled water were imbibed for 24 hours at four approximate temperatures of 10°C, 
l 5°C, 20°C and 25°C as previously explained. Before imbibition, seeds were weighed. 
Leachate from each replication was filtered through Miracloth and then was diluted 1 :20. 
2ml of diluted leachate was combined with 6ml anthrone reagent ( lg anthrone I 500 ml 
14.SM sulfuric acid) (Faver 1995 ). Samples were placed in a boiling water bath for 10 
minutes and then cooled to room temperature in an ice bath. The light absorbance was 
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read on a Lambda 3D spectrophotometer at 620 nm using a blank of 6ml anthrone 
combined with 2ml distilled water. Sugar concentration was calculated using a standard 
curve. 
A sugar standard curve was prepared in the same way using sugar solutions 
containing sucrose, D-fructose and glucose ( 5: 1: 1 ). The total sugar concentration of each 
solution was 5.198mg/L H20, 10.396mg/L H20, 20.792mg/L H20, 31.188 mg/L H20, 
41.581 mg/L H20, 51.98 mg/L H20 and 103.96 mg/L H20. 
5. Statistical analysis 
All parameters were analyzed using a two-way ANOV A with a randomized complete 
block design. The two factors in ANOV A were isoline and endosperm type. Whenever a 
significant interaction was found between two factors, data were separated and a one-way 
ANOVA was done. Means were separated by Duncan's multiple range test at significant 
level of p = 0.05. The CoStat computer program was used for all statistical analyses. 
Chapter4 
Results 
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The number of seedlings emerged increased with the increases in temperatures from 
10°C to 25°C. Two way analysis of variance for the number of seedlings emerged after 14 
days at 10°C revealed significant endosperm type and isoline differences . Interaction 
between endosperm type and isoline was also found (Appendix 2 ). Thus, data for 
individual isolines and endosperm types were considered separately by one-way analyses 
of variance. For the su line, Ia453 had the most plants emerged with C68 and Oh43 
intermediate. 11442a did not emerge. For the sh2 line, Ia453 had the most plants emerged 
followed by Il442a. C68 and Oh43 didn't emerge at 10°C. Shrunken-2 emerged less than 
traditional for C68, and Ia453 isolines. No significant differences between su and sh2 
were found in Oh43and11442a( Table 1 ). At 15°C, 20°C and 25°C, significant 
endosperm type differences were found but no isoline differences were revealed for 
number of seedlings. No interactions between endosperm type and isoline were found 
(Appendix 2 ). Shrunken-2 emerged less than traditional sweet corn for all 4 
isolines(Table 2 ). 
Leaf number counted after two weeks at four temperatures showed that plants had 
most leaves at 25°C and least at 10°C. Two-way analysis for number of leaves at 10°C 
showed significant isoline differences and an interaction between isoline and 
Table 1. Number of plants emerged at 10°C at 14 days after planting for four 
isoline pairs with two endosperm types of sweet com. 
Endosperm Type 
Isoline sh2 SU 
C68 0.0±0.0 bx 1•2 1.8±1.0 bw 
Oh43 0.0±0.0bw 1.2±0.8 bcw 
11442a 0.3±0.5 bw 0.0±0.0cw 
Ia453 1.5±1.3 ax 4.0±1.4 aw 
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1. abc to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
Table 2. Number of plants emerged at 15°C, 20°C and 25°C at 14 days after 
planting for four isoline pairs with two endosperm types of sweet com. 
Temperatures ( °C) 
Endosperm 15 20 25 
sh2 2.7±1.3 b 1•2 2.6±1.1 b 3.4±1.5 b 
SU 4.1±0.8 a 4.3±0.9 a 4.6±0.6 a 
Isoline 
C68 3.1±1.2 a 3.0±0.8 a 3.4±1.6 a 
Oh43 3.5±1.3 a 3.8±1.2 a 4.1±1.0 a 
Il442a 2.9±1.5 a 3.3±1.8 a 3.8±1.5 a 
Ia453 4.1±0.8 a 3.7±1.4 a 4.6±0.5 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
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2. ab to separate lumped means within endosperm or isoline based on Duncan's multiple 
range at p = 0.05. 
endosperm type ( Appendix 2 ). Thus, one-way analyses were done. In sh2 endosperm, 
Ia453 had most leaves, Il442a was intermediate, with C68 and Oh43 the lowest. For 
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su genotypes, Ia453, C68su and Oh43 had highest leaf number followed by 11442a( Table 
3 ). At 15°C, no significant endosperm type or isoline differences or interaction between 
them were revealed ( Appendix 2 ). Plants had average leaves of 2.2 ( Table 4 ). At 25°C, 
endosperm type differences were revealed, but no significant isoline effects or interaction 
between endosperm and isoline (Appendix 2 ). Shrunken-2 had fewer leaves than 
traditional for all four isolines ( Table 4 ). At 20°C, significant interaction between 
endosperm type and isoline were revealed for leaf number, one-way analyses were done 
(Appendix 2 ). No significant differences between isolines or endosperm types were 
found. Plants had average leaves of 3.0 at 20°C ( Table 5 ). 
Seedling height after two weeks increased with the increasing of temperatures from 
10°C and 25°C. Two-way analysis of variance for seedling height at 10°C revealed 
significant endosperm type and isoline differences. Interaction between them was also 
found. So, one way analyses were done (Appendix 2 ). For sh2 genotypes, Ia453 and 
11442a were tallest. For su genotypes, 11442a was shorter than all the rest. The heights of 
C68sh2, Oh43sh2 and 11442asu were zero due to no emergence at 10°C. Traditional sweet 
com was taller than shrunken-2 sweet com except for 11442a and Oh43( Table 6 ). Two-
way analysis of variance for height of seedling at l 5°C revealed significant isoline 
differences but no endosperm type effects. No significant interaction between them was 
found ( Appendix 2 ). At 15°C, Ia453 and 11442a had taller plants than Oh43 with C68 
intermediate( Table 7 ). Significant endosperm type effects were revealed for seedling 
Table 3. Leaf number at 10°C at 14 days after planting for four isoline pairs with two 
endosperm types of sweet com. 
Endosperm Type 
Isoline sh2 SU 
C68 0.0±0.0 bw 1•2 1.0±0.0aw 
Oh43 0.0±0.0bw 0.8±0.5 aw 
11442a 0.3±0.5 abw 0.0±0.0bw 
Ia453 0.8±0.5 aw 1.0±0.0 aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. w to state no differences between endosperm within an isoline based on Duncan's 
multiple range at p = 0.05. 
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Table 4. Leaf number at 15°C and 25°C at 14 days after planting for four isoline pairs 
with two endosperm types of sweet corn. 
Temperatures ( °C) 
Endosperm 15 25 
sh2 2.3±0.5 a 1•2 3.9±0.3 b 
SU 2.1±0.3 a 4.4±0.5 a 
Isoline 
C68 2.3±0.5 a 4.4±0.5 a 
Oh43 2.1±0.4 a 4.0±0.5 a 
11442a 2.3±0.5 a 4.0±0.0 a 
Ia453 2.3±0.5 a 4.1±0.6 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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Table 5. Leaf number at 20°C at 14 days after planting for four isoline pairs with two 
endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 2.8±0.5 aw 1·2 3.5±0.6 aw 
Oh43 3.8±0.5 aw 3.0±0.0aw 
11442a 2.0±1.4 aw 3.0±0.0aw 
Ia453 3.0±0.0 aw 3.0±0.0aw 
30 
1. a to state no differences within a column based on Duncan's multiple range at p = 0.05. 
2. w to state no differences within a row based on Duncan's multiple range at p = 0.05. 
Table 6. Seedling height (cm) at 10°C at 14 days after planting for four isoline pairs 
with two endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 0.0±0.0 bx 1'2 1.±0.2 aw 
Oh43 0.0±0.0bw l.3±0.9aw 
Il442a 0.3±0.6 abw 0.0±0.0bw 
Ia453 0.9±0.6 ax 1.8±0.5 aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 7. Seedling height (cm) at 15°C at 14 days after planting for four isoline pairs with 
two endosperm types of sweet com. 
Endosperm Seedling Height ( cm ) 
sh2 8.1±2.7 a 1•2 
SU 8.8±2.3 a 
Isoline 
C68 8.5±3.5 ab 
Oh43 6.4±1.8 b 
Il442a 9.4±1.6 a 
Ia453 9.6±1.5 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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height at 20°C, but no isoline differences were found. There was an interaction between 
endosperm and isoline at 20°C, data were analyzed separately by one-way analyses of 
variance ( Appendix 2 ). At 20°C, traditional sweet corn grew taller than shrunken-2 for 
isoline C68 and Ia453, but no differences in height for oh43or11442a( Table 8 ). At 25°C, 
significant endosperm differences and isoline effects were revealed. Interaction between 
them was also found. For the traditional endosperm type, Ia453, C68and11442a had the 
tallest plants, and Oh43 had the shortest ones. For the shrunken-2, 11442a and Oh43 were 
taller than C68 with Ia453 intermediate( Table 9 ). 
Seedling fresh weight evaluated at 2 weeks after planting showed that plants 
accumulated the most mass at 25°C compared with the other three temperatures. Two-
way analysis of variance for fresh weight at 10°C revealed significant endosperm type and 
isoline effects. Significant interaction between them also was revealed. Thus, one-way 
analyses were done ( Appendix 2 ). Ia453 had the greatest fresh weight compared with 
other sh2 genotypes. Fresh weights of Oh43, C68 and Ia453 were higher than that of 
11442a in su genotypes. Unlike other isoline pairs, in C68 the su endosperm had more 
fresh weight than the sh2 endosperm (Table 10 ). At temperature of 15°C, 20°C and 
25°C, significant endosperm type differences were revealed but no interaction was found 
between them. Shrunken-2 had less fresh weight than traditional. Ia453and11442a at 
15°C had more fresh weight than Oh43 and C68 (Table 11 ). No isoline differences were 
revealed with 20 and 25°C (Table 11 ). 
Two-way analysis of variance for dry weight at 10°C showed significant endosperm 
type and isoline differences and significant interaction between them ( Appendix 2 ). So, 
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Table 8. Seedling height (cm) at 20°C at 14 days after planting for four isoline pairs with 
two endosperm types of sweet com. 
Endosperm Type 
Isoline sh2 SU 
C68 9.6±3.6 ax 1'2 24.3±3.0 aw 
Oh43 18.4±4.5 aw 17.7±3.8 aw 
Il442a 11.8±8.5 aw 23.0±2.2 aw 
Ia453 18.3±0.7 ax 22.7±0.9 aw 
1. a to state no differences within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 9. Seedling height (cm) at 25°C at 14 days after planting for four isoline pairs with 
two endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 19.8±4.4 bx 1'2 37.8±3.8 aw 
Oh43 28.9±5.0 aw 31.0±2.8 bw 
11442a 31.2±5.1 aw 36.2±2.9 aw 
Ia453 26.1±3.8 abx 39.6±2.1 aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 10. Fresh weight (mg) at 10°C at 14 days after planting for four isoline pairs with 
two endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 O±Obx 1•2 200±23 aw 
Oh43 O±Obw 203±138 aw 
11442a 33±65 bw O±Obw 
Ia453 140±97 aw 165±10aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
Table 11. Fresh weight (mg) at 15°C, 20°C and 25°C at 14 days after planting or four 
isoline pairs with two endosperm types of sweet com. 
Temperatures ( °C) 
Endosperm 15 20 25 
sh2 514±168 b 1•2 832±447 b 1425±443 b 
SU 739±142 a 1657±353 a 2595±497 a 
Isoline 
C68 515±182 b 1014±775 a 1695±1010 a 
Oh43 534±163 b 1454±454 a 2138±610 a 
Il442a 678±162 a 1195±656 a 2225±600a 
Ia453 781±146 a 1314±340 a 1983±764 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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Table 12. Dry weight (mg) at 10°C at 14 days after planting for four isoline pairs with 
two endosperm types of sweet com. 
Endosperm Type 
Isoline sh2 SU 
C68 O±Obw 1•2 20±0aw 
Oh43 O±Obw 18±13 aw 
11442a 3±5bw O±Obw 
Ia453 13±10 aw 20±0aw 
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1. abc to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. w to state no differences within a row based on Duncan's multiple range at p = 0.05. 
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data were analyzed separately by one-way analyses of variance. Ia453 was higher than 
other isolines for dry weight in sh2 at 10°C. For su genotypes, Ia453, C68 and Oh43 had 
the greatest dry weight, followed by 11442a (Table 12 ). Dry weight evaluated at 15°C 
after 2 weeks showed significant differences of endosperm type and isoline, but no 
interaction between them. Traditional had more dry weight than shrunken-2. Ia453 and 
11442a accumulated more mass than C68 and Oh43 after 2 weeks ( Table 13 ). Dry weight 
of 20°C and 25°C was significantly different between endosperm types ( sh2 and su ) for 
all isolines with traditional having more dry weight than shrunken-2. No significant 
isoline differences or interactions between endosperm type and isoline were revealed at 
20°c and 25°C( Table 13 ). 
Sweet corn seeds germinated most at 25°C and least at 10°C, with 15°C and 20°C 
intermediate. Germination at 10°C showed significant endosperm type differences. 
Interaction between endosperm and isoline was demonstrated (Appendix 2 ), one-way 
analyses were done. For sh2 sweet corn, only Oh43 germinated at 10°C after two weeks. 
For the traditional line, all isolines were the same (Table 14 ). Statistical analysis showed 
significant endosperm type differences but no isoline effects on germination at l 5°C. 
Interaction between them was revealed (Table 15 ). Germination at 20°C revealed 
significant endosperm effects with traditional sweet corn germinating more than 
shrunken-2 sweet corn (Table 16 ). No significant isoline effects or interaction between 
endosperm type and isoline were revealed ( Appendix 2 ). Significant effect of endosperm 
type was also found at 25°C. Traditional lines (with average of 3.6) germinated more 
than shrunken-2 lines (with average of 2.8) (Table 16 ). No significant differences of 
Table 13. Dry weight (mg) at 15°C, 20°C and 25°C at 14 days after planting for four 
isoline pairs with two endosperm types of sweet corn. 
Temperatures ( °C) 
Endosperm 15 20 25 
sh2 38±12 b 1•2 61±31 b 108±36 b 
SU 60±13 a 112±23 a 181±34 a 
Isoline 
C68 43±15 b 73±49 a 126±75 a 
Oh43 39±12 b 100±29 a 148±42 a 
Il442a 54±16 a 84±42 a 163±32 a 
Ia453 61±14 a 90±25 a 141±47 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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Table 14. Number of seeds germinated at 10°C at 14 days after planting for four isoline 
pairs with two endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 0.0±0.0 bx 1•2 2.5±0.6 aw 
Oh43 1.3±0.9 aw 1.5±0.6 aw 
11442a 0.0±0.0bx 2.3±1.3 aw 
Ia453 0.0±0.0bx 1.5±0.6 aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 15. Number of seeds germinated at 15°C at 14 days after planting for four isoline 
pairs with two endosperm types of sweet com. 
Endosperm Type 
lsoline sh2 SU 
C68 2.8±0.5 aw 1·2 3.8±0.5 aw 
Oh43 2.5±1.3 aw 4.0±0.0aw 
11442a 1.0±0.8 ax 4.0±0.0aw 
Ia453 2.5±0.6 ax 4.0±0.0aw 
1. a to state no differences within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 16. Number of seeds germinated at 20°C and 25°C at 14 days after planting for four 
isoline pairs with two endosperm types of sweet corn. 
Temperatures ( °C ) 
Endosperm 20 25 
sh2 2.6.±0.9 b 1•2 2.8±0.7 b 
SU 3.7±0.7 a 3.6±0.6 a 
Isoline 
C68 3.0±1.0 a 3.4±0.7 a 
Oh43 3.1±0.6 a 3.1±0.6 a 
11442a 3.0±1.2 a 2.8±1.0 a 
Ia453 3.0.±0.9 a 3.4±0.5 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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isolines and interaction were found (Appendix 2 ). 
Root length evaluated after 2 weeks showed that roots grew fastest at 20°C and 
lowest at 10°C. Two-way analysis of root length at 10°C revealed significant endosperm 
differences but no isoline effects. Root length of traditional sweet corn ( with average of 
0.34 cm ) was much longer than that of shrunken-2 ( with average of 0.04 cm ) (Table 
17). Root length at 15°C after 2 weeks showed significant endosperm type and isoline 
effects (Appendix 2 ). Traditional lines had longer root length than shrunken-2 lines. 
Ia453 had the longest root, with C68 and Oh43 intermediate and 11442a the shortest(Table 
17). Two-way analysis of variance for root length at 20°C revealed significant isoline 
differences but no endosperm effects. ( Appendix 2 ). Ia453 had the longest root length at 
20°C, and C68 had the shortest root length, with 11442a and Oh43 intermediate(Table 17). 
At the temperature of 25°C, no significant endosperm type or isoline effects were 
revealed for root length. No interaction between endosperm type and isoline were 
revealed for all temperatures ( Appendix 2 ). 
Two-way analysis of variance for percent ion leakage at four temperatures ( 10°C, 
l 5°C, 20°C and 25°C ) revealed significant endosperm and isoline differences, but no 
interaction between them was found (Appendix 2 ). Although no significant effect of 
temperature was found, percent ion leakage increased with increasing of temperatures for 
all isoline pairs. Shrunken-2 lines had significant higher percent ion leakage than 
traditional lines at four temperatures. At 10°C, 11442a and Oh43 had the highest percent 
leakage and leakage of la453 was the lowest. At temperature of 15°C and 20°C, no 
significant differences were found among C68, Oh43 and 11442a, but Ia453 was 
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Table 17. Root length (cm) at 10°c, 15°C, 20°C and 25°C at 14 days after planting for 
four isoline pairs with two endosperm types of sweet com. 
Temperatures ( °C ) 
Endosperm 10 15 20 25 
sh2 0.04±0.10 b 1•2 6.54±3.27 b 15.10±5.20 a 10.34±3.86 a 
SU 0.34±0.19 a 8.58±3.04 a 17.92±4.00 a 13.29±5.62 a 
Isoline 
C68 0.23±0.29 a 8.28±1.98 ab 12.36±4.18 c 13.14±2.66 a 
Oh43 0.26±0.23 a 5.96±2.53 be 15.99±5.37 be 11.15±5.83 a 
11442a 0.13±0.16 a 5.48±2.74 c 17.33±3.06 ab 13.66±6.53a 
Ia453 0.13±0.16 a 10.51±3.35 a 20.36±2.85 a 9.33±3.50 a 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. abc to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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Table 18. Percent ion leakage (%)of seed leachate after 24 hrs imbibition at 10°C, 15°C, 
20°C and 25°C for four isoline pairs with two endosperm types of sweet com. 
Temperatures ( °C ) 
Endosperm 10 15 20 25 
sh2 18.37±9.17 a 1·2 20.33±8.55 a 23.38±10.38 a 24.97±9.94 a 
SU 11.95±5.42 b 13.30±7.45 b 14.95±5.20 b 17.16±5.63 b 
Isoline 
C68 14.82±12.60 ab 17.83±10.39 a 22.50±12.81 a 21.82±10.41 b 
Oh43 16.58±6.84 a 17.86±6.59 a 21.06±7.22 a 23.04±5.41 ab 
Il442a 18.29±5.38 a 20.86±9.80 a 21.16±6.52 a 26.50±8.85 a 
Ia453 10.95±3.26 b 10.73±3.16 b 11.95±4.27 b 12.91±3.21 c 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. abc to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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significant lower than other three isolines. At 25°C, Ia453 had the lowest percent leakage 
followed by C68 and Oh43and11442a had the highest leakage (Table 18). 
Two-way analysis of variance for ion leakage per gram seed ( umhos/g seed ) at 10, 
15 and 25°C revealed significant endosperm type and isoline differences but no 
interaction between them (Appendix 2 ). Leachate from shrunken-2 seeds contained 
significantly more ions than leachate from traditional seeds. The electrical conductivity of 
Ia453 was significant lower than other three isoline pairs at 10°C and 15°C. At the 
temperature of 25°C, 11442a and C68 had higher electrical conductivity than Ia453 and 
Oh43 ( Table 19 ). Two-way analysis of variance at 20°C revealed significant isoline and 
endosperm differences and interaction between them. Thus, data were analyzed by one-
way analyses. For sh2 genotypes, C68 had highest electrical conductivity followed by 
11442a and Oh43. Ia453 was the lowest. For su genotypes, 11442a and C68 had highest ion 
leakage, with Oh43 intermediate, and then Ia453 (Table 20 ). Temperature also had 
significant effects on ion leakage per gram seed. Seed leachate from 25°C contained most 
ions and 10°C had least ions with 20°C and l 5°C intermediate. 
Two-way analysis of variance for sugar leakage per gram seed ( mg sugar/g seed ) at 
10°C showed significant endosperm differences but no isoline differences and interaction 
(Appendix 2 ). Shrunken-2 genotypes leaked significantly more sugar than traditional 
genotypes (Table 21 ). Sugar leakage at 15°C and 25°C showed significant isoline 
differences but no endosperm type differences or interaction. Greatest sugar leakage was 
demonstrated by 11442a. C68, Oh43 and Ia453 were not significantly different (Table 21 ). 
Two-way analysis for sugar leakage at 20°C revealed interaction between isoline and 
Table 19. Ion leakage per gram seed ( umhos/g) after 24hrs imbibition at 10°C, 15°C 
and 25°C for four isoline pairs with two endosperm types of sweet com. 
Temperatures ( °C) 
Endosperm 10 15 25 
sh2 396.36±228.83 a 1•2 516.90±255.13 a 616.61±364.78 a 
SU 162.09±111.29 b 224.34±192.39 b 266.35±125.83 b 
Isoline 
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C68 296.70±319.70 a 474.80±343.77 a 561.05±486.00 a 
Oh43 314.57±189.75 a 335.27±189.59 ab 382.13±158.37 b 
11442a 343.65±162.34 a 456.51±293.71 a 568.94±292.21 a 
Ia453 161.98±75.22 b 215.90±116.58 b 253.80±123.10 b 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
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Table 20. Ion leakage per gram seed ( umhos/g ) after 24 hrs imbibition at 20°C for four 
isoline pairs with two endosperm types of sweet corn. 
Endosperm Type 
Isoline sh2 SU 
C68 782.60±541.68 aw 1•2 227.51±113.79 ax 
Oh43 501.73±100.15 abw 197.76±61.65 abx 
11442a 523.56±147.69 abw 258.63±75.97 ax 
Ia453 278.42±95.25 bw 150.80±43.34 bx 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. wx to separate means within a row based on Duncan's multiple range at p = 0.05. 
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Table 21. Sugar content ( mg sugar/g seed ) in seed leachate after 24hrs imbibition at 
10°C, l 5°C and 25°C for four isoline pairs with two endosperm types of sweet 
corn. 
Temperatures ( °C) 
Endosperm 10 15 25 
sh2 32.86±20.51 a 1•2 4.51±4.29 a 3.23±4.02 a 
SU 11.83±9.66 b 3.30±4.97 a 1.58±1.92 a 
Isoline 
C68 15.65±9.54 a 2.25±2.15 b 1.81±0.86 b 
Oh43 21.82±18.22 a 3.07±3.92 b 1.44±1.19 b 
11442a 35.45±26.85 a 8.92±5.76 a 5.56±5.24 a 
Ia453 16.46±13.24 a 1.37±0.93 b 0.80±0.56 b 
1. means are lumped because no significant interaction between isoline and endosperm 
type. 
2. ab to separate lumped means within isoline or endosperm type based on Duncan's 
multiple range at p = 0.05. 
Table 22. Sugar content ( mg sugar/g seed ) in seed leachate after 24 hrs imbibition at 
20°C for four isoline pairs with two endosperm types of sweet com. 
Endosperm Type 
Isoline sh2 SU 
C68 1.33±1.71 bw 1•2 2.35±4.12 aw 
Oh43 5.32±2.29 aw 1.13±1.00 aw 
11442a 7.10±3.09 aw 2.54±1.42 aw 
Ia453 0.89±0.78 bw 0.84±0.98 aw 
1. ab to separate means within a column based on Duncan's multiple range at p = 0.05. 
2. w to state no differences within a row based on Duncan's multiple range at p = 0.05. 
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endosperm type, so one-way analyses were done ( Appendix 2 ). For sh2 genotypes, 
Il442a and Oh43 leaked more sugar than C68 and Ia453. For su genotypes, no significant 
differences between isolines were demonstrated. Endosperm types showed no significant 
differences for all isoline pairs ( Table 22 ). Sugar leakage at 10°C was significantly lower 
than leakage of l 5°C, 20°C and 25°C and no significant differences among these three 
temperatures were found. 
Chapter 5 
Discussion and Conclusion 
Growth chamber studies demonstrated that 25°C is the best temperature of the four 
( 10, 15, 20 and 25°C) for emergence and early seedling growth. All parameters 
measured in this study increased with increasing temperatures. This observation is 
consistent with previous studies. Dickson ( 1923 ) reported an optimum temperature 
ranged from 24 to 28°C. Duncan and Hesketh ( 1968 ), Lehenbaire ( 1914 ), Tollenaar 
(1989) and Watts ( 1972a,b) all showed that early seedling growth increased with 
increasing temperatures within the range of 10°C to 30°C. 
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Low temperature results in delayed emergence, reduced emergence rate, poor stands 
and retarded seedling growth. White ( 1978 ) showed a close relationship between 
seedling emergence and soil temperature. Low temperature reduces both the emergence 
rate (Groot 1976) and the emergence percentage ( Dubtez et al. 1962) of com. In this 
study, low temperature decreased the number of sweet com plants that ultimately 
emerged and increased the time required to emerge ( data not shown ). Low temperature 
also delayed the growth and development of sweet com seedlings. Height, fresh weight 
and dry weight measured at low temperatures were lower than those of higher 
temperatures. 
The failure of some seedlings to emerge at low temperature could be ascribed to 
reduced seedling vigor resulting from a prolonged germination period ( Singh and 
Dhalwai 1972 ). Moreover, low temperature increases susceptibility to seed and seedling 
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diseases which reduce seedling vigor ( Schulz and Bateman 1968 ). Research in both field 
and controlled environments indicates that rapid emergence is associated with high 
percent germination ( Eagles and Brooking 1981; Eagles and Hardacre 1979; Mock and 
Eberhart 1972; Mock and McNeil 1979; Mock and Skrdla 1978 ). In this study, we found 
low temperature reduced the germination percentage and prolonged the time to 
germination. 
Root growth of sweet corn genotypes is influenced by temperature and water. In 
present studies, low temperature significantly decreased the growth of roots. Root growth 
reached the maximum at 20°C and declined at 25°C in this study. Other studies 
demonstrated corn root growth generally starts around 9°C and reaches a maximum rate at 
28°C ( Barber 1984 ). Stamp ( 1983 ) found that at low temperature roots were usually 
less branched and thicker, and thus had a lower root length and root surface area. Low 
temperature restricts root extension and reduces overall root mass. Low temperature also 
increases water viscosity and decreases the permeability of root membranes (Lai 1974 ), 
thereby reducing overall water and nutrient uptake. The response of plants to varying 
temperature has been related to changes in the metabolic activity of roots ( Nielsen 1971). 
Reduced root growth is usually associated with reduced shoot growth. Possible reasons 
for shoot growth reductions are alterations in the supply of phytohormones ( Atkin et al. 
1973 ), water ( Barlow and Boersma 1976 ) or nutrients from the roots. 
In experiments conducted in this growth chamber study, significant isoline and 
endosperm differences were observed. These differences demonstrate that different 
cultivars have different responses to temperature which suggests genetic control for 
55 
temperature tolerance. 
Based on the parameters measured in seedling emergence study, Ia453 was relatively 
tolerant to low temperature, whose emergence number decreased 40% from 25°C to 10°C 
and Il442a was relatively sensitive to low temperature, whose emergence decreased 70% 
from 25°C to 10°C. But, germination and root length studies did not follow the same trend 
as the seedling emergence study. Oh43 showed more tolerance to low temperature in the 
germination study while C68 and Oh43 were more tolerant than Ia453 and Il442a to low 
temperature based on root length. 
Several researches show that genetic variation exists for emergence at low 
temperatures (Eagles and Brooking 1981; Eagles and Hardacre 1979; Mock and Skrdla 
1978) and that cold tolerance is heritable (Mock and Eberhart 1972; Pesev 1970; Pinnell 
1949 ). Maryam and Jones ( 1983 ) found cold tolerance to be genetically controlled and 
complexly inherited due to significant maternal effects associated with germination and 
early seedling growth. Hamilton ( 1982 ) reported significant differences for low 
temperature germination among a number of maize genotypes. He also found greater 
variability to exist among the genotypes when grown as seedling with chilling 
temperatures than with warmer temperatures. 
Germination percentage, number of plants emerged, leaf number, height, fresh 
weight and dry weight showed more isoline and endosperm differences at 10°C. At higher 
temperatures ( 20°C and 25°C ), which were closer to optimal temperature, the isoline 
pairs responded similarly. This finding agrees with previous studies. Menkir and Larter 
( 1988 ) found that the differences in percentage emergence, seedling dry weights, root dry 
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weights among lines declined with increasing root zone temperature. 
Although there were isoline differences, generally all growth parameters measured in 
this investigation of sh2 were significant lower than those of su sweet com. These 
findings are consistent with previous studies by Boyer and Shannon ( 1983 ), He and 
Burris ( 1992) and Juvik and Jangulo ( 1993 ). Wann ( 1980, 1986) found traditional 
sweet com had significantly higher germination percentage and radicle length than 
supersweet corn. Early seedling growth of the su cultivars was generally greater than that 
from their respective sh2 counterparts. Styer et al.( 1980 ) demonstrated that germination 
rate, radicle length, fresh weight and dry weight of sh2 sweet com were significantly 
lower in both laboratory and field tests than su or normal corn. 
It is also demonstrated that shrunken-2 is more sensitive to low temperature than 
traditional sweet com in this investigation. The number of sh2 plants emerged decreased 
87% from 25 to 10°C, while su decreased 63%. Leaf number, height, fresh weight and dry 
weight followed the same trend, but not so great as emergence number. 
High sugar cultivars have poor seed vigor and seedling stand establishment in cold, 
wet soil because the seeds often are shriveled, lightweight and prone to physical damage 
(Bennet and Waters 1987 ). Shrunken-2 sweet com is more susceptible to low 
temperature, soil moisture, insect damage and soil microorganisms than traditional sweet 
com. Bewley and Black ( 1983 ) stated leakage of sugars may provide a favorable 
environment for growth of soil microorganisms. And, low temperature in combination 
with high humidity may stimulate the growth of these microorganisms. 
Ion leakage from seed during imbibition was measured by electrical conductivity. 
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Shrunken-2 endosperm type had significantly higher ion leakage than su endosperm type. 
This observation is consistent with previous studies (Schmidt and Tracy 1988; Styer and 
Cantliffe 1983; Wann 1986 ). The differences of ion leakage between sh2 and su seeds 
were attributed to smaller seed size, higher sugar-to-starch ratio, and thinner protective 
layers on sh2 seed. The sh2 seeds have large airspaces between the pericarp and aleurone 
layers, which allow the pericarp to be easily broken, and facilitate water and electrolyte 
movement into and out of seed. 
Not only affected by the endosperm type, ion leakage is also affected by the isoline. 
Ia453 had the lowest ion leakage, and 11442a had the highest ion leakage, with Oh43 and 
C68 intermediate based on percent leakage. For ions leaked per gram seed, C68 had the 
highest ion leakage followed by 11442a and Oh43. 
Leakage of seed electrolytes during imbibition is associated with seed quality in 
several crop species. Ion leakage as measured by electrical conductivity is negatively 
correlated with germination and seedling vigor. Wann (1986) found "lochief' had high 
germination percentage and low conductivity, while "Florida Staysweet" had low 
germination percentage and high conductivity. Similar correlation was also found in the 
present investigation. Isolines that leaked more ions had lower germination and seedling 
vigor. Negative correlation between low temperature tolerance and ion leakage also was 
found. Ia453 was tolerant to low temperature and had the lowest percent leakage. 11442a 
was sensitive to low temperature and had the highest percent leakage. Ions per gram of 
seed did not follow the same trend. This difference may be due to the effect of seed 
weight. So, percent leakage is a better index for seed vigor than ions per gram of seed. 
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No significant effect of temperaure on ion leakage was found, although electrical 
conductivity of all isoline pairs consistently increased with the increasing of temperature 
which could be due to physical effects of temperature on the movement of ions. 
Sugar leakage showed more isoline differences than endosperm type differences. 
Greatest sugar leakage was demonstrated by 11442a at four temperatures, and Ia453 had 
the lowest sugar leakage. No significant differences between sh2 and su endosperm types 
were found at 15, 20 and 25°C, but shrunken-2 kernels leaked more sugar than traditional 
kernels at 10°C, which may be due to chilling injury. These results demonstrate that sugar 
leakage is dependent on isoline differences. 
Leaching of sugar from seed during imbibition is also associated with poor seed 
vigor. Increased leaching of sugar from germinating seed often accompanies reduction of 
viability. Thus, practical tests for rough estimation of seed viability have been proposed 
on the basis of sugar content of leachates ( Ching and Schoolcraft 1968; Takayanagi and 
Murakami 1968 ). In this study, 11442a had greatest sugar leakage and least seedling 
growth especially when temperature was low. Ia453 was tolerant to low temperature and 
had least sugar leakage. Sugar content (mg sugar/g seed) could be a good indicator for 
seed vigor. But, Abdul-Baki and Anderson ( 1970) concluded that sugar leakage was not 
a reliable index for seed viability because leaching of sugars appeared to be regulated by 
rate of utilization of the sugars during germination rather than changes in membrane 
permeability of dry seed. 
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Conclusion 
Growth chamber studies demonstrated that 25°C is the best temperature of four for 
emergence and seedling growth. Significant isoline and endosperm differences were 
observed. Endosperm type sh2 had few plant emerge, slower seedling growth and smaller 
germination percentages than su endosperm type. Ion leakage demonstrated sh2 to leak 
more ions than su. Total sugar evaluation demonstrated more isoline differences than 
endosperm type differences. Percent leakage analysis best predicted the results obtained 
in growth chamber studies. Ions per gram seed and sugar leakage did not represent well 
the results of emergence and germination studies. 
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Source 
Table l. Two-way analysis of variance for number of plants emerged at l0°C after planting 14 
days. 
SS df MS F 
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p 
---------------------------------------------------------------------------Blocks 2.625 3 0.875 1.3243243243 .2930 
Main Effects 
endo 12.5 1 12.5 18.918918919 .0003 
line 32.625 3 10.875 16.459459459 .0000 
Interaction 
endo x line 8.25 3 2.75 4.1621621622 .0184 
Error 13.875 21 0.6607142857 
Total 69.875 31 
Table 2. One-way analysis of variance for number of plants emerged at I 0°C after planting 1.+ 
days for isoline C68. 
Source SS df MS F p 
ns 
*** 
*** 
* 
Blocks 1.375 3 0.4583333333 1 .5000 ns 
Main Effects 
endo 
Error 
Total 
6.125 
1.375 
8.875 
1 6.125 13.363636364 .0354 * 
3 0.4583333333 
7 
Table 3. One-way analysis of variance for number of plants emerged at l0°C after planting I.+ 
days for isoline Oh43. 
Source SS df MS F p 
--------------------------------------------------------------------------·----
Blocks 
Main Effects 
endo 
Error 
1 
2 
1 
3 0.3333333333 
1 2 
3 0.3333333333 
1 .5000 ns 
6 .0917 ns 
------------------------------------------------------------------------------
Total 4 7 
Source 
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Table 4. One-way analysis of variance for number of plants emerged at l0°C after planting 14 
days for isoline 11442a. 
SS df MS F p ~i~~;;-----------------------0~3;5-----;---------0~~;5------------------------
Main Effects 1 .5000 ns 
en do 
Error 0.125 0.375 
1 
3 1 .3910 ns 
0.125 
0.125 ;~~;i------------------------0~;;5-----;-------------------~------------------
Source 
Table 5. One-way analysis of variance for number of plants emerged at I O"C after planting 14 
days for isoline Ia453. 
SS df MS F p 
~i~~;;------------------------~0~5-----;-----------;~5------------;~-~0~6;-:--
Main Effects 
endo 
Error 
Total 
12.5 
0.5 
23.5 
1 
3 
7 
12.5 
0.1666666667 
75 .0032 ** 
Table 6. One-way analysis of variance for number of plants emerged at 10°C after planting 14 
days for sh2 endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
line 
Error 
0.6875 
6.1875 
5.0625 
3 0.229166,667 0.4074074074 .7515 ns 
3 2.0625 3.6666666667 .0565 ns 
9 0.5625 
------------------------------------------------------------------------------Total 11.9375 15 
Source 
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Table 7. One-way analysis of variance for number of plants emerged at 10°C after planting 14 
days for su endosperm type. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 2.1875 
34.6875 
8.5625 
3 0.7291666667 0.7664233577 .5410 ns 
Main Effects 
line 
Error 
3 11.5625 12.153284672 .0016 ** 
9 0.9513888889 
Total 45.4375 15 
Table 8. Two-way analysis of variance for leaf number at W0e after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.09375 3 0.03125 0.3043478261 .8219 
Main Effects 
endo 1. 53125 1 1. 53125 14.913043478 .0009 
line 2.34375 3 0.78125 7.6086956522 .0013 
Interaction 
endo x line 1. 84°375 3 0.6145833333 5.9855072464 .0041 
Error 2.15625 21 0.1026785714 
Total 7.96875 31 
Table 9. One way analysis of variance for leaf number at w0e after planting 14 days for isoline 
C68. 
Source SS df MS F p 
ns 
**" 
** 
** 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
0 
2 
0 
3 
1 
3 
0 
2 
0 
------------------------------------------------------------------------------Total 2 7 
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Table 10. One-way analysis of variance for leaf number at l0°C after planting 14 days for isoline 
Oh43. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
endo 
Error 
Total 
0.375 
1.125 
0.375 
1.875 
3 
1 
3 
7 
0.125 
1.125 
0.125 
1 .5000 ns 
9 .0577 ns 
Table 11. One-way analysis of variance for leaf number at 10°C after planting 14 days for isoline 
Il442a. 
Source 
Blocks 
Main Effects 
en do 
Error 
Total 
SS 
0.375 
0.125 
0.375 
0.875 
df 
3 
1 
3 
7 
MS 
0.125 
0.125 
0.125 
F p 
1 .5000 ns 
1 .3910 ns 
Table 12. One-way analysis of variance for leaf number at l0°C after planting 14 days for isoline 
Ia453. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
0.375 
0.125 
0.375 
0.875 
df 
3 
1 
3 
7 
MS 
0.125 
0.125 
0.125 
F p 
1 .5000 ns 
1 .3910 ns 
Table 13. One-way analysis of variance for leaf number at 10°C after planting 14 days for 
sh2 endosperm type. 
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Source SS df MS F P 
~i~~k~---------------------------o-----;-------------0-------------0-----~-~~-
Main Effects 
line 
Error 
1.5 
1.5 
3 
9 
0.5 
0.1666666667 
3 .0877 ns 
------------------------------------------------------------------------------
Total 
Source 
3 15 
Table 14. One-way analysis of variance for leaf number at 10°C after planting 14 days for 
su endosperm type. 
SS df MS F p 
Blocks 0.1875 3 0 .0625 1 .4363 ns 
Main Effects 
line 
Error 
Total 
2.6875 
0.5625 
3.4375 
3 0.8958333333 14.333333333 .0009 *** 
9 0.0625 
15 
Table 15. Two-way analysis of variance for seedling height (cm) at 10°C after planting!-+ days. 
Source SS . df MS F p 
------------------------------------------------------------------------------
Blocks 0.42375 3 0.14125 0.6114403504 .6151 ns 
Main Effects 
endo 5.95125 1 5.95125 25.761659366 .0001 *** 
line 5. 72125 3 1.9070833333 8.2553465602 .0008 *** 
Interaction 
endo x line 4.10125 3 1.3670833333 5.9178046895 .0043 ** 
Error 4.85125 21 0.2310119048 
Total 21.04875 31 
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Table 16. One-way analysis of variance for seedling height (cm) at 10°C after planting 14 days 
for isoline C68. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
0.06375 
4.96125 
0.06375 
5.08875 
df 
3 
1 
3 
7 
MS F p 
0.02125 1 .5000 ns 
4.96125 233.47058824 .0006 **~ 
0.02125 
Table 17. One-way analysis of variance for seedling height l cm) at l0°C after planting 14 days 
for isoline Oh43. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
1.13 
3.38 
1.13 
5.64 
df MS F p 
3 0.3766666667 1 .5000 ns 
1 3.38 8.9734513274 .0579 ns 
3 0.3766666667 
7 
Table 18. One-way analysis of variance for seedling height (cm) at l0°C after planting 14 days 
for isoline Il442a. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
0.54 
0.18 
0.54 
3 
1 
3 
0.18 
0.18 
0.18 
1 .5000 ns 
1 .3910 ns 
------------------------------------------------------------------------------Total 1.26 7 
Source 
69 
Table 19. One-way analysis of variance for seedling height ( cm ) at l 0°C ati:er planting 14 days 
for isoline Ia453. 
SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
1.43375 
1.53125 
0.37375 
3 0.4779166667 3.8361204013 .1493 ns 
1 1.53125 12.2909699 .0393 * 
3 0.1245833333 
------------------------------------------------------------------------------Total 3.33875 7 
Table 20. One-way analysis of variance for seedling height ( cm ) at 1 O"C after planting 14 days 
for sh2 endosperm type. 
Source SS df 
-------------------------------------------------- MS F p Blocks ----------------------------
Main Effects o.oo5 3 O.OOl6666667 0.0068965517 .9992 ns 
line 
Error 2.16 3 0.72 2.9793103448 .0890 ns 2.175 9 0.2416666667 
;~~~1-------------------------------------------------------------------------
4 .34 15 
Table 21. One-way analysis of variance for seedling height (cm) at l0°C after planting 14 days 
for su endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
Total 
SS 
0.8425 
7.6625 
2.2525 
10.7575 
df MS F p 
3 0.2808333333 1.1220865705 .3905 ns 
3 2.5541666667 10.205327414 .0030 ** 
9 0.2502777778 
15 
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Table 22. Two-way analysis of variance for fresh weight ( g) at 10°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 0.009675 3 0.003225 0.7510396451 .5340 ns 
Main Effects 
endo 0.0780125 1 0.0780125 18.167590796 .0003 *** 
line 0.076375 3 0.0254583333 5.9287496535 .0043 ** 
Interaction 
endo x line 0.0873625 3 0.0291208333 6.7816745218 .0023 ** 
Error 0.090175 21 0.0042940476 
------------------------------------------------------------------------------
Total 
Source 
0.3416 31 
Table 23. One-way analysis of variance for fresh weight ( g ) at l O"C after planting 14 days for 
isoline C68. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 8E-04 3 2.666667E-04 1 .5000 ns 
Main Effects 
endo 
Error 
0.08 
8E-04 
1 
3 
0.08 
2.666667E-04 
300 .0004 *** 
------------------------------------------------------------------------------
Total 0.0816 7 
Table 24. One-way analysis of variance for fresh weight ( g) at I0°C after planting 14 days for 
isoline Oh43. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
0.0286375 
0.0820125 
0.0286375 
0 .1392875 
df MS F p 
3 0.0095458333 1 .5000 ns 
1 -0.0820125 8.5914447839 .0609 ns 
3 0.0095458333 
7 
71 
Table 25. One-way analysis of variance for fresh weight ( g) at l0°C after planting 14 days for 
isoline ll442a. 
Source SS df MS F p ~i~~k;-------------------a~aa6i3;5-----3-----a~aa;ii;5------------------------
Main Effects 1 .5000 ns 
endo 
Error 0. 0021125 0.0063375 
1 
3 1 .3910 ns 
0.0021125 
0.0021125 
;~~~1--------------------a~ai~;~;5-----;--------------------------------------
Table 26. One-way analysis of variance for fresh weight ( g) at IO"C after planting 14 days for 
isoline Ia453. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
0.01695 
0.00125 
0.01135 
0.02955 
df MS F p 
3 0.00565 1.4933920705 .3749 ns 
1 0.00125 0.3303964758 .6057 ns 
3 0.0037833333 
7 
Table 27. One-way analysis of variance for fresh weight ( g J at 10°C after planting 14 days for 
sh2 endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
line 
Error 
0.00106875 
0.05286875 
0.03960625 
3 3.5625E-04 0.0809531324 .9687 ns 
3 0.0176229167 4.0045762979 .0459 * 
9 0.0044006944 
---------------------------------------------~--------------------------------
Total 0.09354375 15 
Source 
72 
Table 28. One-way analysis of variance for fresh weight ( g ) at 10°C after planting 14 days for 
su endosperm type. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
line 
Error 
0. 01371875 
0.11086875 
0.04545625 
3 0.0045729167 0.9054035474 .4758 ns 
3 0.03695625 7.3170631101 .0087 ** 
9 0.0050506944 
------------------------------------------------------------------------------Total 0.17004375 15 
Table 29. Two-way analysis of variance for dry weight ( g) at 10°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 1. 09375E-04 3 3.645833E-05 1.0698689956 .3831 
Main Effects 
endo 9.03125E-04 1 9.03125E-04 26.502183406 .0000 
line 9.09375E-04 3 3.03125E-04 8.8951965066 .0005 
Interaction 
endo x line 6.34375E-04 3 2.114583E-04 6.2052401747 .0035 
Error 7.15625E-04 21 3.407738E-05 
Total 0.003271875 31 
Table 30. One-way analysis of variance for dry weight ( g) at 10°C after planting 14 days for 
isoline C68. 
Source 
Blocks 
Main Effects 
en do 
Error 
Total 
SS 
0 
8E-04 
0 
8E-04 
df 
3 
1 
3 
7 
MS 
0 
8E-04 
0 
F p 
ns 
*** 
*** 
** 
73 
Table 31. One-way analysis of variance for dry weight ( g ) at l 0°C after planting 14 days for 
isoline Oh43. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
Total 
2.3758-04 
6.1258-04 
2.3758-04 
0.0010875 
3 7.916667E-05 1 .5000 ns 
1 6.125E-04 7.7368421053 .0689 ns 
3 7.916667E-05 
7 
Table 32. One-way analysis of variance for dry weight ( g) at l0°C after planting 14 days for 
isoline Il442a. 
Source SS df MS F 
~i~~k;--------------------;~;;~:a;-----;------~~;;;:a;-------------~-~;ooo-~~-
Main Effects 
p 
endo 
Error 
1.25E-05 
3.75E-05 
1 
3 
1. 25E-05 
l.25E-05 
1 .3910 ns 
;~~;i---------------------;~;;~:a;-----;--------------------------------------
Table 33. One-way analysis of variance for dry weight ( g) at lO"C aftl!r planting l4 Jays for 
isoline Ia453. 
Source 
Blocks 
Main Effects 
en do 
Error 
Total 
SS 
1. 3758-04 
1.125E-04 
1. 375E-04 
3.8758-04 
df MS F p 
3 4.5833338-05 1 .5000 ns 
1 1.1258-04 2.4545454545 .2152 ns 
3 4.5833338-05 
7 
74 
Table 34. One-way analysis of variance for dry weight ( g) at l0°C after planting 14 days for 
sh2 endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main 8ffects 
line 
Error 
2.5E-05 
4.258-04 
3.258-04 
3 8.333333E-06 0.2307692308 .8727 ns 
3 1.416667E-04 3.9230769231 .0482 * 
9 3.611111E-05 
------------------------------------------------------------------------------Total 7.75E-04 15 
Table 35. One-way analysis of variance for dry weight ( g) at 10°C after planting 14 days for 
su endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
line 
Error 
l.1875E-04 
0.00111875 
3.56258-04 
3 3.9583338-05 1 .4363 ns 
3 3.7291678-04 9.4210526316 .0039 ** 
9 3.9583338-05 
------------------------------------------------------------------------------Total 0.00159375 15 
Table 36. Two-way analysis of variance for number of germination at I 0°C after 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 2.25 3 0.75 1.9090909091 .1591 ns 
Main Effects 
endo 21.125 1 21.125 53. 772727273 .0000 *** 
line 1. 75 3 0.5833333333 1.4848484848 .2475 ns 
Interaction 
endo x line 6.125 3 2.0416666667 5.196969697 .0077 ** 
Error 8.25 21 0.3928571429 
Total 39.5 31 
75 
Table 3 7. One-way analysis of variance for number of germination at 10°C after 14 days for 
isoline C68. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
0.5 
12.5 
0.5 
3 0.1666666667 
1 12 .5 
3 0.1666666667 
1 .5000 ns 
75 .0032 ** 
------------------------------------------------------------------------------
Total 13 .5 7 
Table 38. One-way analysis of variance for number of germination at l 0°C after 14 days for 
isoline Oh43. 
Source SS df MS F p 
------------------------------------------------------------~~----------------
Blocks 2.375 3 0.7916666667 1.7272727273 .3323 ns Main Effects 
en do 
Error 
----------------------
Total 
0.125 
1.375 
1 
3 
0.125 
0.4583333333 
0~2727272727 .6376 ns 
-------;~~;~-----;--------------------------------------
Table 39. One-way analysis of variance for number of germination at l0°C after 14 days for 
isoline Il442a. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
2.375 
10.125 
2.375 
14.875 
df MS F p 
3 0.7916666667 1 .5000 ns 
1 10.125 12.789473684 .0374 * 
3 0.7916666667 
7 
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Table 40. One-way analysis of variance for number of germination at 1 O"C after 14 days for 
isoline la453. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
Total 
0.5 
4.5 
0.5 
5.5 
3 0.1666666667 
1 4.5 
3 0.1666666667 
7 
1 .5000 ns 
27 .0138 * 
Table 41. One-way analysis of variance for number of germination at 1 O"C after 14 days for sh2 
endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
Total 
SS 
0.6875 
4.6875 
2.0625 
7.4375 
df MS F p 
3 0.2291666667 1 .4363 ns 
3 1.5625 6.8181818182 .0108 * 
9 0.2291666667 
15 
Table 42. One-way analysis of variance for number of germination at 1 O"C after 14 days for su 
endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
line 
Error 
2.1875 
3.1875 
5.5625 
3 0.7291666667 1.1797752809 .3707 ns 
3 1.0625 1.7191011236 .2323 ns 
9 0.6180555556 
----------------------------------------------------~-------------------------Total 10.9375 15 
77 
Table 43. Two-way analysis of variance for root length (cm) at 10°C after 14 days. 
Source 
Error 
SS 
0. 72 
0.1275 
0.0825 
0.395 
df 
1 
3 
3 
MS 
0. 72 
0.0425 
0.0275 
21 0.0188095238 
F 
38.278481013 .0000 *** 
2.2594936709 .1112 ns 
1.4620253165 .2535 ns 
;~~~i------------------------~~~;~----;~--------------------------------------
Table 44. Two-way analysis of variance for number of plants emerged at l 5°C after planting 14 
days. · 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 2.84375 3 0.9479166667 0.9521674141 .4335 ns 
Main Effects 
endo 16.53125 1 16.53125 16. 6!Y5381166 .0005 *** 
line 7.09375 3 2.3645833333 2.375186846 .0990 ns 
Interaction 
endo x line 2.34375 3 0.78125 0.7847533632 .5158 ns 
Error 20.90625 21 0.9955357143 
Total 49.71875 31 
Table 45. Two-way analysis of variance for leafnumber at l5°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 3.09375 3 1. 03125 13. 075471698 .0000 *** 
Main Effects 
endo 0.28125 1 0.28125 3.5660377358 .0729 ns 
line 0.09375 3 0.03125 0.3962264151 . 7571 ns 
Interaction 
endo x line 0.34375 3 0.1145833333 1.4528301887 .2560 ns 
Error 1.65625 21 0.0788690476 
Total 5.46875 31 
78 
Table 46. Two-way analysis of variance for seedling height ( cm lat l 5°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 4.2309375 3 1.4103125 0.275076698 .8427 ns 
Main Effects 
endo 4.7278125 l 4.7278125 0.9221438875 .3478 ns 
line 52.1734375 3 17.391145833 3.3920843577 .0370 * 
Interaction 
endo x line 24.0409375 3 8.0136458333 1.5630346005 .2280 ns 
Error 107.6665625 21 5.1269791667 
------------------------------------------------------------------------------
Total 192.8396875 31 
Table 47. Two-way analysis of variance for fresh weight at 15°( after planting 1-l days. 
Source SS df MS F p 
~i~~~~-------------------0~0~~9~;~-----3-----0~0~8~3;~--~~3~8~~~~;~;-~;;~o----
Main Effects ns 
endo 0.405 l 0.405 29.911636699 .0000 **T 
line 0.3806625 3 0.1268875 9.3713896338 .0004 **T 
Interaction 
endo x line 0.006675 3 0.002225 0.1643293621 .9192 ns 
Error 0.2843375 21 0.013539881 
------------------------------------------------------------------------------Total l.1334875 31 
Table 48. Two-way analysis of variance for dry weight at 15°( after planting 1-l days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 3.34375E-04 3 l.ll4583E-04 1.570230608 .2263 ns 
Main Effects 
endo 0.003828125 l 0.003828125 53.93081761 .0000 *'*" T 
line 0.002559375 3 8.53125E-04. 12.018867925 .0001 **. 
Interaction 
endo x line 5.93758-05 3 1.9791678-05 0.2788259958 .8400 ns 
Error 0.001490625 21 7.0982148-05 
------------------------------------------------------------------------------
Total 0.008271875 31 
79 
Table 49. Two-way analysis of variance for number of germination at IS°C after 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.375 3 0.125 0.2876712329 
Main Effects 
endo 24.5 1 24.5 56.383561644 
line 3.375 3 1.125 2.5890410959 
Interaction 
endo x line 4.5 3 1.5 3.4520547945 
Error 9.125 21 0.4345238095 
Total 41.875 31 
Table 50. One-wav analvsis of variance for number of l!errnination at I 5°C after 14 d:ivs for 
.. "' .... .....,. 
isoline C68. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
1.5 
2 
0 
3.5 
df 
3 
1 
3 
7 
MS 
0.5 
2 
0 
F 
Table 51. One-way analysis of variance for number of germination at l 5"C after 14 days for 
isoline Oh43 
Source SS df MS F 
.8338 ns 
.0000 *** 
.0800 ns 
.0350 * 
p 
p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
2.5 
4.5 
2.5 
3 0.8333333333 
1 4.5 
3 0.8333333333 
1 .5000 ns 
5.4 .1027 ns 
------------------------------------------------------------------------------
Total 9.5 7 
Source 
80 
Table 52. One-way analysis of variance for number of germination at 15°C after 14 days for 
isoline Il442a. 
SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
1 
18 
1 
3 0.3333333333 
1 18 
3 0.3333333333 
1 .5000 ns 
54 . 0052 ** 
;~~~1---------------------------;a-----;--------------------------------------
Source 
Table 53. One-way analysis of variance for number of germination at 15°C after 14 days for 
isoline Ia453. 
SS df . MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
en do 
Error 
0.5 
4.5 
0.5 
3 0.1666666667 
1 4.5 
3 0.1666666667 
1 .5000 ns 
27 .0138 * 
------------------------------------------------·------------------------------Total 
Source 
Blocks 
5.5 7 
Table 54. One-way analysis of variance for number of germination at 15°C after 14 days for sh2 
endosperm type. 
SS df MS F p 
0.6875 3 0.2291666667 0.2558139535 .8554 ns 
Main Effects 
line 7.6875 3 2.5625 2.8604651163 .0967 ns 
Error 8. 0625 9 o. 8958333333 .. 
---------------------------------------------------------------------------
Total 16.4375 15 
81 
Table 55. One-way analysis of variance for number of gennination at 15°C after 14 days for su 
endosperm type. 
Source SS df MS F p 
;i~~k;----------------------0~~9;~-----;--------0~06;~------------------------
Main Effects 1 .4363 ns 
line 0.1875 3 o.o6~5 ... 1 .4363 ns 
Error 0. 5625 9 o. 0625 
Total 0.9375 15 
Table 56. Two-way analysis of variance for root length ( cm J at l 5°C after 14 days. 
Source SS df MS F p 
;1~~k;---------------------9~366;~-----;--;~~;;o833333--0~~0~0~;0~0~-~698~-~~-
Main Effects 
endo 
line 
Interaction 
endo x line 
Error 
33.21125 
129.02125 
24.31125 
136. 06875 
1 
3 
3 
33.21125 
43.007083333 
8.10375 
21 6.4794642857 
5.125616646 .0343 * 
6.6374443066 .0025 ** 
1.2506821 .3167 ns 
----------------------------------------------------------~-------------------
Total 331.97875 31 
Table 57. Two-way analysis of variance for number of plants emerged at 20°C after planting 14 
days. 
SS df MS F p Source ----------------------------------------------~-------------------------------0.3043478261 .8219 ns Blocks 0.84375 3 0.28125 
Main Effects 
endo 22.78125 1 -- 22. 78125 24.652173913 .0001 *** 
line 2.84375 3 0.9479166667 1.0257648953 .4013 ns 
Interaction 
endo x line 7.84375 3 2.6145833333 2.8293075684 .0632 ns 
Error 19.40625 21 0.9241071429 
------------------------------------------------------------------------------
Total. 53.71875 31 
82 
Table 58. Two-way analysis of variance for leaf number at 20"C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------~-----------------Blocks l 3 0.3333333333 0.9333333333 .4421 ns Main Effects 
en do 0.5 l 0.5 1.4 .2499 ns line 3.25 3 l.0833333333 3.0333333333 .0519 ns 
Interaction 
endo x line 3.75 3 l.25 3.5 .0335 * 
Error 7.5 21 0.3571428571 
------------------------------------------------------------------------------Total 16 31 
Table 59. One way analysis of variance for leaf number at 20°C after planting 14 days for isoline 
C68. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
0.375 
l.125 
l.375 
2.875 
df MS F p 
3 0.125 0.2727272727 .8429 ns 
1 l.125 2.4545454545 .2152 ns 
3 0.4583333333 
7 
Table 60. One-way analysis of variance for leaf number at 20°C after planting 14 days for isoline 
Oh43. 
Source SS df MS F p 
-----------------------------------------------------------------.-------------
Blocks 
Main Effects 
en do 
Error 
Total 
0.375 
l.125 
0.375 
1.875 
3 
l 
3 
7 
0.125 
l.125 
0.125 
l .5000 ns 
9 ·.0577 ns 
Source 
83 
Table 61. One-way analysis of variance for leaf number at 20°C after planting 14 days for isoline 
Il442a. 
SS df MS F p 
Blocks 3 3 1 1 .5000 ns 
Main Effects 
en do 2 
3 
1 
3 
2 
1 
2 .2522 ns 
Error 
Total 
Source 
8 7 
Table 62. One-way analysis of variance for leafnumber at 20°C after planting 14 days for isoline 
Ia453. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
endo 
Error 
0 
0 
0 
3 
1 
3 
0 
0 
0 
------------------------------------------------------------------------------
Total 0 7 
Table 63. One-way analysis of variance for leaf number at 20°C after planting 14 days for 
sh2 endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
line 
Error 
1.25 
6.25 
6.25 
3 0.4166666667 
3 2.0833333333 
9 0.6944444444 
0.6 .6310 ns 
3 .0877 ns 
------------------------------------------------------------------------------
Total 13.75 15 
Table 64. One-way analysis of variance for leaf number at 20°C after planting 14 days for 
su endosperm type. 
SS df MS F 
84 
p 
Source 
~i~~;;------------------------0:;5-----3--0:0;33333333-------------~-:~363-~~-
0.75 
0.75 
3 
9 
0.25 
0.0833333333 
3 .0877 ns Main Effects line 
Error 
------------------------------------------------------------------------------
Total 1. 75 15 
Table 65. Two-way analysis of variance for seedling height (cm) at 20°C after planting 1-i days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 47.16 3 15. 72 0.9224192129 .4471 ns 
Main Effects 
endo 438.08 1 438.08 25.705687581 .0001 *** 
line 59.1925 3 19.730833333 1.1577671598 .3493 ns 
Interaction 
endo x line 282.6375 3 94.2125 5.5282073851 .0059 ** 
Error 357.885 21 17.042142857 
Total 1184.955 31 
Table 66. One-way analysis of variance for seedling height (cm) at 20°C after planting 1-i days 
for isoline C68. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
endo 
Error 
39.37375 
430.71125 
25.22375 
3 13.124583333 1.5609792358 .3617 ns 
1 430.71125 51.226869518 .0056 ** 
3 8.4079166667 
------------------------------------------------------------------------------
Total 495.30875 7 
85 
Table 67. One-way analysis of variance for seedling height (cm) at 20°C after planting 14 days 
for isoline Oh43. 
Source SS df MS F ~l~~k;-----------------------;~:93-----3---------~9:3~-------------------=----
Main Effects 1.0846085497 .4742 ns 
endo 
Error 
0.845 
50.645 
1 
3 
0.845 
16.881666667 
0.0500542995 .8373 ns 
;~~;1-----------------------~~~~~;-----;--------------------------------------
Source 
Table 68. One-way analysis of variance for seedling height ( cm ) at 20°C after planting 14 days 
for isoline 11442a. 
SS df MS F p 
Blocks 112.015 3 37.338333333 0.9405121746 .5195 ns 
Main Effects 
endo 
Error 
Total 
250.88 
119.1 
481.995 
1 250.88 6.319395466 .0866 ns 
3 39. 7 
7 
Table 69. One-way analysis of variance for seedling height (cm) at 20°C after planting 14 days 
for isoline Ia453. 
Source SS df MS F p 
~l~~k;---------------------;~;93;;-----3-----~-~~;3~;;--;:99;93;~9~9-~;~;;-~;-
Main Effects 
endo 
Error 
38.28125 
0.96375 
1 
3 
38.28125 
0.32125 
119.16342412 .0016 ** 
;~~;1---------------------~;~~39;;-----;-----------------~--------------------
86 
Table 70. One-way analysis of variance for seedling height (cm) at 20°C after planting 14 days 
for sh2 endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
SS 
73.2875 
242.7075 
244.6025 
df MS F p 
3 24.429166667 0.8988563077 .4787 ns 
3 80.9025 2.9767582097 .0891 ns 
9 27.178055556 
------------------------------------------------------------------------------
Total 
Source 
560.5975 15 
Table 71. One-way analysis of variance for seedling height (cm) at 20°C after planting 14 days 
for su endosperm type. 
SS df MS F p 
Blocks 6.0875 3 2.0291666667 0.2252752336 .8765 ns 
Main Effects 
line 
Error 
Total 
99.1225 
81.0675 
186.2775 
3 33.040833333 3.6681469146 .0564 ns 
9 9.0075 
15 
Table 72. Two-way analysis of variance for fresh weight at 20°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.324459375 3 0.108153125 0. 8211442187 .4968 ns 
Main Effects 
en do 5.436753125 1 5.436753125 41.278126705 .0000 *** 
line 0.834209375 3 0.2780697917 2.1112233404 .1293 ns 
Interaction 
endo x line 0.937834375 3 0. 3126114583 2.3734782673 .0991 ns 
Error 2.765915625 21 0 .1317102679 
Total 10.299171875 31 
87 
Table 73. Two-way analysis of variance for dry weight at 20°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.001284375 3 4.28125E-04 0.6790181732 .5746 ns 
Main Effects 
en do 0.020503125 1 0.020503125 32.51852726 .0000 *** line 0.003184375 3 0.0010614583 1.6835024782 .2010 ns 
Interaction 
endo x line 0.004309375 3 0.0014364583 2.2782629219 .1091 ns 
Error 0.013240625 21 6.30506E-04 
------------------------------------------------------------------------------
Total 0.042521875 31 
Table 74. Two-way analysis of variance for number of germination at 20°C after 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 5.34375 3 1. 78125 3.2794520548 .0411 * 
Main Effects 
endo 7.03125 1 7.03125 12.945205479 .0017 ** 
line 0.09375 3 0.03125 0.0575342466 .9814 ns 
Interaction 
endo x line 3.09375 3 1. 03125 1.898630137 .1608 ns 
Error 11.40625 21 0.5431547619 
------------------------------------------------------------------------------
Total 26.96875 31 
Table 75. Two-way analysis of variance for root length (cm) at 20°C after l.f days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 2.9234375 3 0.9744791667 0.0620792692 .9792 ns 
Main Effects 
endo 63.5628125 1 63.5628125 4.0492737906 .0572 ns 
line 263.8459375 3 87.948645833 5.6027751524 .0055 ** 
Interaction 
en do x line 50.2109375 3 16.736979167 1.0662305271 .3846 ns 
Error 329.6440625 21 15.69733631 
Total 710 .1871875 31 
Source 
88 
Table 76. Two-way analysis of variance for number of plants emerged at 25°C after planting 14 
days. 
SS df MS F p 
------------------------------------------------------------------------------Blocks 1.34375 3 0.4479166667 0.4293865906 .7341 ns 
Main Effects 
endo 11.28125 1 11.28125 10.814550642 .0035 ** line 6.84375 3 2.28125 2.1868758916 .1197 ns 
Interaction 
endo x line 7.59375 3 2.53125 2.4265335235 .0940 ns 
Error 21.90625 21 1.0431547619 
------------------------------------------------------------------------------Total 48.96875 31 
Table 77. Two-way analysis of variance for leaf number at 25°( after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 0.25 3 0.0833333333 0.4666666667 .7086 ns Main Effects 
endo 2 1 2 11.2 .0031 ** line 0.75 3 0.25 1.4 .2706 ns Interaction 
endo x line 0.75 3 0.25 1.4 .2706 ns 
Error 3.75 21 0.1785714286 
------------------------------------------------------------------------------Total 7.5 31 
Table 78. Two-way analysis of variance for seedling height (cm lat 25°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 34.4684375 3 11.489479167 0.7536695479 .5325 ns 
Main Effects 
endo 749.8128125 1 749.8128125 49.18509144 .0000 *** line 128.7509375 3 42·. 916979167 2.815203354 .0641 ns 
Interaction 
endo x line 321.4159375 3 107.13864583 7.0279195076 .0019 ** 
Error 320.1390625 21 15. 244717262 
Total 1554.5871875 31 
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Table 79. One-way analysis of variance for seedling height (cm) at 25°C after planting 14 days 
for isoline C68. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
en do 
Error 
85.07 
644.405 
15.525 
3 28.356666667 5.4795491143 .0980 ns 
1 644.405 124.52270531 .0015 ** 
3 5 .175 
------------------------------------------------------------------------------Total 745 7 
Table 80. One-way analysis of variance for seedling height (cm) at 25°C after planting 14 days 
for isoline Oh43. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
8.96375 
9.46125 
87.23375 
105.65875 
df MS F p 
3 2.9879166667 0.1027555275 .9531 ns 
1 9.46125 0.3253757863 .6083 ns 
3 29.077916667 
7 
Table 81. One-way analysis of variance for seedling height (cm) at 25°C aftt~r planting 14 days 
for isoline Il442a. 
Source 
Blocks 
Main Effects 
en do 
Error 
Total 
SS 
11. 72375 
51.51125 
89.21375 
152.44875 
df MS F p 
3 3.9~79166667 0.131411918 .9352 ns 
1 51.51125 1.7321741324 .2797 ns 
3 29.737916667 
7 
90 
Table 82. One-way analysis of variance for seedling height (cm) at 25°C after planting 14 days 
for isoline Ia453. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
endo 
Error 
19.21375 
365.85125 
37.66375 
3 6.4045833333 0.5101390594 .7028 ns 
1 365.85125 29.140851615 .0125 * 
3 12.554583333 
------------------------------------------------------------------------------
Total 422.72875 7 
Table 83. One-way analysis of variance for seedling height (cm) at 25°C after planting 14 days 
for sh2 endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
Total 
SS 
53.681875 
287.596875 
197.335625 
538.614375 
df MS F p 
3 17.893958333 0.8161001086 .5167 ns 
3 95.865625 4.3721990137 .0369 * 
9 21.926180556 
15 
Table 84. One-way analysis of variance for seedling height (cm) at 25°C after planting 14 days 
for su endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
Total 
SS 
39.05 
162.57 
64.54 
266.16 
df MS F p 
3 13.016666667 1.8151533932 .2145 ns 
3 54.19 7.5567090177 .0079 ** 
9 7.1711111111 
15 
91 
Table 85. Two-way analysis of variance for fresh weight at 25°C after planting 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.505475 3 0.1684916667 0.8472949755 .4835 ns 
Main Effects 
en do 10.9512 l 10.9512 55.070359972 .0000 *** 
line 1. 2997 3 0.4332333333 2.178602858 .1207 ns 
Interaction 
en do x line 0.6604 3 0.2201333333 1.1069857101 .3685 ns 
Error 4.176025 21 0.1988583333 
Total 17.5928 31 
Table 86. Two-way analysis of variance for dry weight at 25°C after planting 14 days. 
Source SS df MS F p 
Blocks 0.0011375 3 3.791667E-04 0.3460076046 .7924 ns 
Main Effects 
en do 0.0435125 1 0.0435125 39.707224335 .0000 *** line 0.0054125 3 0.0018041667 1.6463878327 .2090 ns 
Interaction 
endo x line 0.0071125 3 0.0023708333 2.1634980989 .1226 ns 
Error 0.0230125 21 0.0010958333 
------------------------------------------------------------------------------
Total 0.0801875 31 
Table 87. Two-way analysis of variance for number of germination at 25°C after 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.84375 3 0.28125 0.6631578947 .5839 ns 
Main Effects 
endo 5.28125 1 5.28125 12.452631579 .0020 ** 
line 2.09375 3 0.6979166667 1.6456140351 .2091 ns 
Interaction 
en do x line 1.09375 3 0.3645833333 0.8596491228 .4773 ns 
Error 8.90625 21 0.4241071429 
Total 18.21875 31 
92 
Table 88. Two-way analysis of variance for root length (cm) at 25°C after 14 days. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 78.81625 3 26.272083333 1.2588623859 .3140 ns 
Main Effects 
endo 69.62 1 69.62 3.3359364082 .0820 ns 
line 94.43625 3 31. 47875 1.5083468573 .2415 ns 
Interaction 
endo x line 85.5525 3 28.5175 1.3664545608 .2803 ns 
Error 438.26375 21 20.869702381 
------------------------------------------------------------------------------Total 
Source 
766.68875 31 
Table 89. Two-way analysis of variance for percent ion leakage ( % ) of seed leachate after 24 
hrs imbibition at 10°C. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.0256172 9 0.0028463556 0.5557616912 .8277 ns 
Main Effects 
endo 0.08256125 1 0.08256125 16.120396427 .0002 *** 
line 0.059306 3 0.0197686667 3.85990696 .0134 * 
Interaction 
endo x line 0.03468975 3 0.01156325 2.2577683112 .0903 ns 
Error 0.322657 63 0.0051215397 
------------------------------------------------------------------------------
Total 0.5248312 79 
Table 90. Two-way analysis of variance for percent ion leakage (%)of seed leachate after 24 
hrs imbibition at l 5°C. 
Source SS df MS F p 
Blocks 0.0364707625 9 0.0040523069 0.7562716725 .6564 
Main Effects 
endo 0.0987715125 1 0. 0-987715125 18.433474557 .0001 
line 0.1110430375 3 0.0370143458 6.9078926189 .0004 
Interaction 
endo x line 0.0163626375 3 0.0054542123 . -.---.-::-· -
..:.. . ·•· - . -· .. -· 
- -· 
- , .... 
- : : -:::::-}93 75 63 0.0053582688 
Total 0.6002188875 79 
ns 
*** 
*** 
---
Source 
93 
Table 91. Two-way analysis of variance for percent ion leakage (%)of seed leachate after 24 
hrs imbibition at 20"C. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 0.0547061.125 9 0.0060784569 1.2409179207 .2870 ns 
Main Effects 
en do 0.1423828125 
0.1415368375 
1 
3 
0.142382812: 
0.0471789458 
~n ~~-A-~~nA ••• 
line 
Interaction 
endo x line 
Total 
0.020494.32-c:: 
0.6677164875 
~-,-- - ----
(')_0048983554 
79 
Table 92. Two-way analysis of variance for percent ion leakage ( % ) of seed leachate after 24 
hrs imbibition at 25°C. 
Scn. ... rce SS df MS F 
Blocks 0.0106992 9 0. 0011888 .. . . ------- - -U. ~O~V.;.. .. ;. .. .:..,':-__:_- -
Main Effects 
en do 0.12214845 1 0.122142~:- ):0, q227~--:t;;'6-
line 0.2011759 3 0.0670586333 .L'i . 7 l:HJ 3-; _;;:, -~ 
Interaction 
p 
-
-
vvg,~ 
endo x lir:2 ,., 
-
JHll-1.SGS 0 ·. 00~74'?~-; J ()' ~ 2-11-7 q.9;Jt_f 3 4't'!l 
Total 
Source 
- ...._ --:C :=OJ 1 63 0.004537 - . - :.;....:u..> .. 
0.6310802 79 
Table 93. Two-way analysis of variance for ion leakage per gram seed ( urnhos/g) after 24hrs 
imbibition at 10°C. 
SS df MS F p 
X>'~' 
XY x' 
flt'" ;, 
------------------------------------------------------------------------------
Blocks 133333.65262 9 14814.850292 0.5102018531 .8618 ns 
Main Effects 
en do 1097625.2311 1 1097625.2311 37. 800613299 .0000 *** line 389045 .19138 3 129-681. 73046 4.4660498009 .0066 ** 
Interaction 
endo x line 173430.73437 3 57810.244792 1.9909005789 .1244 ns 
Error 1829345.7044 63 29037.233403 
Total 3622780.5139 79 
Source 
Blocks 
94 
Table 94. Two-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 15°C. 
SS df MS F p 
217352.918 9 24150.324222 0.5422669371 .8381 
Main Effects 
endo 1 711827. 072 1 1711827.072 38.437050148 .0000 
line 868407.3225 3 289469.1075 6.4996860859 .0007 
Interaction 
endo 
Total 
Source 
x line 90649.043 3 30216.34766"7 ,-, ,- .... , ..... - ... -. - ... ~ •; .. , .. ,_ 
-- -- -
- - - . - - . 
:::~"759.1~ '53 44535.859683 
5693995.5155 79 
Table 95. Two-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20°c. 
SS df MS F 
.. 
p 
ns 
*** 
*** 
------------------------------------------------------------------------------
Blocks 340455.61112 9 37828.401236 0.8251546246 .5954 ns 
Main Effects 
en do 1958159.4901 1 1958159.4901 42.713524924 .0000 *** 
line 862923.10837 3 287641.03612 6.2743421196 .0009 *** 
Interaction 
endo x line 476827.70138 3 158942.56713 3.4670297985 .0213 * 
Error 2888172.9639 63 45844.0153 
------------------------------------------------------------------------------
Total 6526538.8749 79 
Table 96. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 200C for isoline C68. 
Source SS df MS F p 
. - ~--
- - - - - - --- -- - -- - ---- ------ ------ - ----- - --- -- -- -------- - - - - - - ----- ----- - - - ---
Blocks 
Main Effects 
endo 
Error 
Total 
1392010.9645 
1540624.5405 
1365317.4445 
4297952.9495 
9 154667.88494 1.0195511455 .4887 ns 
1 1540624.5405 10.155602216 .0111 * 
9 151701.93828 
19 
Source 
95 
Table 97. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20°C for isoline Oh43. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
en do 
Error 
Total 
68213.2645 
461988.8045 
56268.4205 
586470.4895 
9 7579.2516111 1.2122832646 .3895 ns 
l 461988.8045 73.894010238 .0000 *** 
9 6252.0467222 
19 
Table 98. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20°C for isoline Il442a. 
Source 
Blocks 
Main Effects 
en do 
Error 
Total 
SS 
102667.8745 
350939.5245 
145596.4505 
599203.8495 
df MS F p 
9 11407.541611 0.7051536912 .6944 ns 
l 350939.5245 21.693219235 .0012 ** 
9 16177.383389 
19 
Table 99. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20°C for isoline Ia453. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
en do 
Error 
39749.388 
81434.322 
58804.768 
9 4416.5986667 0.6759551879 .7155 ns 
l 81414.322 12.463426401 .0064 ** 
9 6533.8631111 
-------------------------------------------------------------~----------------
Total 179988.478 19 
Source 
96 
Table 100. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20"C for sh2 endosperm type. 
SS df MS F p 
;i~~;;----------------6~8~~2~50;25-----9--;20~5~833583--0~823599;~5~-~600~-~;-
Main Effects 
line 1276561.6887 3 425520.56292 4.8664105787 .0078 ** 
Error 2360888.9988 27 87440.333287 
------------------------------------------------------------------------------Total 
Source 
4285593.1897 39 
Table 101. One-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 20°C for su endosperm type. 
SS df MS F p 
Blocks 57083.39 9 6342.5988889 1.0537584638 .4260 ns 
Main Effects 
line 
Error 
63189.121 
162513.684 
3 21063.040333 3.4994104804 .0290 * 
27 6019.0253333 
Total 282786.195 39 
Table 102. Two-way analysis of variance for ion leakage per gram seed ( umhos/g) after 24hrs 
imbibition at 25°C. 
Source SS df MS F p 
----------------------------------------------------
Blocks 185058.0745 9 20562.C-0;;:-~ - !S7''.i'66·~. • . ... . . . _);  !. t::,s_- .r• .. • if:J 
Main Effects 
..+c. ~1,~trS.&78'"" _ ............... "\ en do 2453571.3005 1 24535"'~ ............ .-
line 1385834.2345 3 461944:. 7:;.~"=.: 7.6~'i"-b3t1l-t:f • N<.a. 
Interaction 1t1- 1PJ 1t .- ~s1s --:} ~ · 'S-6 '4-c6 - .-,. en do line -~~-- . .560-;f ; : ~. . -~ I - ,. ·(;.(> '-x -.s ..... .: .. -
3,~-i"0/(,(.-6 ;3-~ '53 60478.513484 
le~ 
v·it' ~ 
t "' 
fl 
--------------
----------
------------------------------------------------------
Total 8260360.5195 7':7 
, 
-
Source 
97 
Table 103. Two-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at lO"C. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 49.919264844 3 16.639754948 0.0723183363 .9742 
Main Effects 
endo 3538.5288438 1 3538.5288438 15.378863429 .0008 
line 2013.0664758 3 671.02215861 2.9163413924 .0581 
Interaction 
endo x line 812.94945859 3 270.98315286 1.1777247222 .3420 
Error 4831.8984079 21 230.09040038 
Total 11246.362451 31 
Table 104. Two-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at l 5°C. 
Source SS df 
ns 
*** 
ns 
ns 
----------------------------------------------------~~--------- F p 
Blocks 79.373588094 3 26.457862698 2.14895~~~~~-~~;~~----
Main Effects ns 
endo 11.602948781 1 11.602948781 0.942411895 .3427 ns 
line 280.11710659 3 93.372368865 1 58 Interaction . 38679239 .0013 ** 
endo x line 28.692661344 3 9.5642204479 o 7768 
. 227962 .5200 ns 
Error 258.55141016 21 12. 311971912 
;;~;i-----------------~~8~;3;;~~~;----3~--------------------------------------
Source 
Table 105. Two-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at 20°C. 
SS df MS F p 
------------------------------------------------------------------------------
Blocks 19.993328594 3 6.6644428646 1.4292915352 .2624 ns 
Main Effects 
endo 30.324525031 1 30.324525031 6.5035574339 .0186 * 
line 71.103678094 3 23.701226031 5.0830898287 .0084 ** 
Interaction 
endo x line 48.578644344 3 16.192881448 3. 472810684 .0343 * 
Error 97.917952156 21 4.6627596265 
------------------------------------------------------------------------------
Total 267.91812822 31 
98 
Table l 06. One-way analysis of variance for sugar content ( mg sugar/g seed ) in seed leachate 
after 24hrs imbibition at 20"C for isoline C68. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
24.646425375 
2.071630125 
35.061503375 
61.779558875 
df MS F p 
3 8.215475125 0.7029483337 .6105 ns 
1 2.071630125 0.1772568138 .7021 ns 
3 11.687167792 
7 
Table 107. One-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at 20°C for isoline Oh43. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
endo 
Error 
7.037541375 
35.166691125 
11.789532375 
3 2.345847125 0.5969313414 .6590 ns 
1 35.166691125 8.9486223897 .0581 ns 
3 3.929844125 
------------------------------------------------------------------------------
Total 53.993764875 7 
Table 108. One-way analysis of variance for sugar content (mg sugar/g seed) in see.d leachate 
after 24hrs imbibition at 20°C for isoline Il442a. 
Source 
Blocks 
Main Effects 
endo 
Error 
Total 
SS 
15.1398445 
41.660192 
19.563881 
76.3639175 
df MS F p 
3 5.0466148333 0.773867133 .5809 ns 
1 41.660192 6.3883324582 .0856 ns 
3 6.5212936667 
7 
99 
Table 109. One-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at 20°C for isoline Ia453. 
Source SS df MS F p 
------------------------------------------------------------------------------Blocks 
Main Effects 
endo 
Error 
4.446018375 
0.004656125 
0.226534375 
3 1.482006125 19.626241602 .0179 * 
1 0.004656125 0.0616611717 .8199 ns 
. 3 0. 0755114583 
------------------------------------------------------------------------------
Total 4.677208875 7 
Table 110. One-way analysis of variance for sugar content (mg sugar/g seed) in seed leachate 
after 24hrs imbibition at 20°C for sh2 endosperm type. 
Source SS df MS F p 
------------------------------------------------------------------------------
Blocks 
Main Effects 
line 
Error 
5.77083225 
110.94184125 
49.33579025 
3 1.92361075 0.350911512 .7896 ns 
3 36.98061375 6.7461273462 .0111 * 
9 5.4817544722. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --~-~ - - - - - .... ~- - - ""!" - - - - - -
Total 166.04846375 15 
Table 111. One-way analysis of variance for: sugar content ( mg sugar/g seed ) in seed. lt::.achate. 
after 24hrs imbibition at 20°C for su endosperm type. 
Source 
Blocks 
Main Effects 
line 
Error 
Total 
SS 
29.923395688 
8.7404811875 
32.881262563 
71.545139438 
df MS F p 
3 9.9744652292 2.7301319982 .1061 ns 
3 2.9134937292 0.7974585378 .5257 ns 
9 3.6534736181 
15 
Source 
100 
Table 112. Two-way analysis of variance f\ r sugar content ( mg sugar/g seed) in seed leachate 
after 24hrs imbibition at 25°C. 
SS df MS p p 
------------------------------------··-----------------------------------------Blocks 14.892375594 3 4.9641251979 0.7137701993 .5547 ns 
Main Effects 
en do 21.794852531 1 21. 794852531 3.1337880524 .0912 ns 
line 110.26583359 3 36.755277865 5.2848832296 .0071 ** Interaction 
endo x line 26.414289594 3 8.8047631979 1.2659990094 .3116 ns 
Error 146.05068866 21 6.9547946979 
Total 319.41803997 31 
101 
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